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PBEFACE TO THE PEESENT EDITION. 



SiKOE the 24th of April, 1832, when the last of the accom- 
panying Letters by Sir David Brewster to Sir Walter 
Scott was written, many circumstances have occurred to 
extend the importance of that wide and comprehensive 
subject which Sir David nas embraced under the name of 
Natural Magic ; for though education, intelligence, and 
scientific discovery have been advancing with rapid strides, 
credulity has not been, and does not seem ever likely to 
be, wholly eradicated by their means, while the ingenious 
have been armed with immense and varied additional 
elements to favour deception if they shall choose to employ 
them for thai purpose. It has appeared to the editor of 
the present edition, therefore, of the highest importance 
X) give the work the benefit of that profounder interest 
which must arise from a consideration of the physical and 
metaphysical existence or being of man — the union of 
those two conditions of his being in their action, through 
the faculties or powers of human perception and verifica- 
tion, and also from a consideration of the range of natural 
possibility-; for by a proper knowledge of these mankind 
will be better aware of the extent of their liability to be 
deceived, and of the means of verification and correction 
at their command, as well as of the mode in which their 
liability to deception ought to be guarded against or 
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protected from the influenco of imposture, (ind verification 
applied in defeating or exposing dulusion. 

Much of tho case with which wc arc deceived by the 
phenomena of natural magic arisoa from oiir wont of, 
prorioua preparation, and oui deficient knowledge, for tho 
moment, of tlio laws within which the true explanation of 
these phenomena may be found. Hence, very much in pro- 
portion to our ready knowledge or iafelligenoe wc are 
either credulous or sceptical — the words are uaed in a philo- ■ 
Bophio sense merely ; and history has shown that men are | 
often quite as far from the truth in the e:xtremity of their i 
scepticism as they are iu the extreme of credulity itself. 
Mere scepticism has in fact been n great barrier and 
enemy to the progress of science ; and though the crednlous 
Lave often sunk into superstition and become intolerant, 
they have more generally recognized than ignored those 
temporarily incomprehensihle facts which the advent of 
calm science has satisfactorily explained. Indeed, hut 
for this slight difference, these two ostremcs only too 
often meet ; for the extreme of scepticism is credulity, and ' 
the extreme of crodnlity, or superstition, is scepticism. 
Both distrust truth ; both trust their own prejudices and 
impressions rather than truth ; both misrepresent and 
persecute it ; both ohstract the progress of its intelligible 
development. Even in this day many &cta of science , 
are, in consequence, left, without examination, in tho hands 
of charlatans whose function always is to render them 
odious by exaggeration and therefore repugnant to 
scientific study and explanation ; for tho scientilic mind 
ever recoils from the wares of the qnaclt, and — too hastily 
ignoring tho small grain of genuine and philosophic truth 
which is necessary and almost in every case present to 
sustain any enduring pretension — considers the whole ' 
elements involved to be as much mattei-s of impoi^ture aa ' 
'tndual by whom they ore employed. This is 1 



barely cxcueable in a thinking ago, and it is most certainly 
not the way to di&ann impoBture or to put it down. If 
the thinking and intoUigent will not eiamiue aud explain 
what ie naed to deceiTe, bow cao tbo unthinking and tho 
ignorant be bnt deceived, and continuously deceived, by it ? 
Nay, we all know the experience of human weakness in 
thie respect to be such that the person whoso crednlily 
has given way to doceptiou in one case does not always, 
where it has been rescued by explanation, resort to greater 
caution and scepticism for the future, but, on the contrary, 
that tho idiosynwQsy of many indiTiduala is to be deceived 
in every instance in which competent esplanation is want- 
ing. 'Not, even when caution and ecepticism are produced 
by detection of imposture, are these the great results which 
philosophy and truth would desire to achieve. IntoUigenco 
is the only bulwark of the human mind, and it is in 
preeence of this great and necessary adjunct to the integrity 
of our normal being that tho additiooa here made to Sir 
David Broweter's excellent and popular work arc now 
offered to the public ; for the liability to bo deceived, fi-om 
which we all more or leas suffer, ought to be, not & 
ground for scepticism, but only a stronger incentive to obey 
that divine injunction : " Get knowledge, get wisdom, 

AND, WITH ALL THY GETTING, GET UNDBBSl'ANDING." 

From the nature of the case, as will be readily under- 
stood, the eminent author's Letters have in themselves 
been left intact, as an essential feature of their authenticity, 
and the new matter has been introduced in the preliminFiry 
and additional chapters. 

From what is explained in the succeeding chapters, it 
will be observed that comparison is tho great means by 
which we are enabled to assure ourBclves, according to 
the existing organization of our being, of the truth or 
fiilsehood of any phenomenon, and that this comparison ex- 
tetda not only to the evidence of one faculty as compared 



ivith anothtir, but to tlie comparison affiii'ded by diffeient 
pointB of euuQutatiou iu the aea of the aame faculty, so that 
wa may reasonably OBBume, where such verification is un- 
fairly excluded, that we are entitled to suapond our judgment 
in all oases in which immediate decisiuii is not absolutely 
necesEary. But it is a singular fact in connection with 
tltis subject that almost all animals ore made with dnpli- 
cales of each of their faculties, as if to supply by com- 
parison a chock to the inaccuracy of the faculty witlUn 
ittdf. Thus we have duplicate brains as well as dupli- 
cate eyes ; and while a man with tivo eyos sees with both, 
and would detect imperfection in one oyo by means of the 
accuracy of the other, so we have reason to believe that a 
man thinks in duplicate, or with both lobes of the brain, 
although from the co-operation of the organs only one 
single train of thought is apparent ; just aa by the use of 
Loth eyes one Bnbject is alone presented in consequence 
of tho co-operation of both organs of vision : for it has 
been found that where one of the lobes of the brain has 
been so injured as to bo incapable of action, a perfectly 
sane and healthy power of mind has been maintained in 
the individual by the sound action of tlie other lobe of the 
brain only, just as accui-ate vision may be eiperienced by 
ft person having only one eye, or shutting tho other. The 
explanation of this power is not referrible to the physical, 
but to the metaphysical part of our being, as will be better 
understood by what we have introduced on tho subject of 
ConociousnesB ; for thero is just as much a duplicate of 
thought produced in employing both lobes of the brain as 
there are two physical images when both eyes ore used — 
the unity experienced in each case existing in tho com- 
bining power of the Consoiousness only. 

J. A S. 
Se^t. 1868. 
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I o/oH ifleK— Ploto andihesoul — Eiedricily^-Epicunu — ^isftop 

SerJcele^ — David Eieme — OoiaeioBmieea and matter — Conscious- 

nett and Oie imTnateritd — Seeiproail conlad — Mon'i frimary 

I ferct^ive power — III amtad mith atid kaoaledge of matter 

^^■b- and On immaleriol~~lU proximiti/ to Oie irifiaile — Caneeof tile 

^^^^k Epicurean errot — Berh^e^t hlv/nder the other iKny — Cauie 0/ 

^^^^tt Hume's error — Sdf-deception in philoeophy — Faliaa] in a 

^^^ j^Cogimn. 

Man is a being with two natures, one of wMeh is physioal 

tmd material, the other immaterial, or metaphygical as it 

is called, and both are intimately hut iiiysterioiiBly and 

incomprehensibly united in all that is tnown of BCtnal 

I and prncticable humnn esisteuee and action, Tho 

] physical portion of man's being we may examine by tho 

light of science, and perfectly and accurately know; but 

the metaphysical or immaterial portions of his being, com- 

I prehending the three widely distinct and separate thongh 

' co-oporating and co-acting departments of Mind, Life, 

and TEELiNfl, aro subject to no law of scienco with which 

ire ore acquainted, and are in their elementary compoei- 
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tioa entiTelf beyond ths rouge of scientifiQ or philoBOphio • 
inveatigation. It is trua that profound and poudenma 
motapliysical works have been written on depaxtmeuta of 
tbis subject ; for the pheuomeun of mind are not wbclly 
bojoud the range of study and contomplntion ; but it 
would only vox and anuoy tbe reader of a populor work 
lilce the present to pile up before him the heavy specula- 
tions of that criido department of Philosophy usuftlly 
called METAPEYHioe comprehensively, and PaYCHOLOQi 
and Oktology diBtiuctively, with its special and ombarraBEH 
iug nomeuolature and definition of torms, and we prefer 
for every practical purpose hero a simpler and a clearer 
course, and one whicb the most general reader may follow 
with immediate easo through knguage usaA in its most 
oitlinary acoeplation, and the whole signification of wbidi 
is decided at once by the obvious aim of the contest in 
which it appears. 

Man, then, consists of two natures, divided into four 
parts : a material Body, an immaterial Life, an immaterial 
Mind, and immaterial Feeling. Three-fourths of bis wbolo 
being therefore is metaphysical or immaierial, and only 
one-fourth, and that the least essential portion of it — hia 
body — physical or material. To prove that Mind, Life, 
iLud Feeling, though co-operating in human existence, are 
OSBcntially distinct in themselves, it is only necesHary to 
show that they ore each capable of distinct and independ- 
ent eiistence. Thus, in the vegetable world, we have Life 
without Mind or Feeling ; among the inferior animals we 
have Life and Feeling without Mind ; and in man the latter 
is added to the others. It is of importance, however, to 
observe, that while Mind may eiist without Feeling, neither 
Mind nor Fooling cau exist without Life. On the other 
band. Matter may exist without being associated with 
Life, Mind, or Feeling ; as it is observable that all the 
obomical or Material elements of the human body jnof 
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be fuund in a. state of aepanttioii from tbeao, and tint 
when Life, Mind, and Feeling ore withdrawn from man 
the whole Material elemonts of the humtLD bodj reroam ; 
and it iB hence reciprocally inferrible that Life, Mind, and 
Feeling may all eziet in a state of separation from Matter, 
and that the soul of man, or hie whole metaphysical being, 
may exist apart fi'oni hia body. It is not intended by this 
dedaction to say anything in favour of Plato's theory of 
the Immurtolity of the Soul. Those who conclude that 
be proved the immortality of the soul rush hastily to an 
nnwan'antablo asamnption. The immortality of the soul 
is a conditional and subjective fact of the Divine 
Will, ascertainable only by revelation of that will ; it is 
not an inherent power or quality of the soul itself.* 
Plato's argument was, that because the sotil does exist it 
must have always existed, and must always continae to 
exist. But this argument ia faUacious by analogy, and 
utterly inconsistent with human experience; for on tho 
same principle, and by parity of reasoning, Conscious- 
ness exists, and it must therefore have existed from all 
eternity, and must always continue to exist. But notori' 
oualy, in the experience of every man, our consciousnoES 
did not exist from all eternity, and within the liinite of 

* Plato ic one paBssge appenra fully to admit this, but tlio 
tulmiSBion is not easily reconcileable with liis otiier reaBoning, which, . 
however, wau early foand to be uneatislnclory end ancanviiiaiiig an 
the subject. Cicero fett it to be beautiful, but not impreBsive, The 
pDBBBgo ill which he niakea (he aclmiision reierred to also goes, 
nnfurtunately, too far, and asserts thnt the Diviae intelligence 'uii 
givnn the liuman soul tha riglit of imTuortality, But Plato docu 
not base tliis ossertioa on its only poasiblc foundation — a known 
nivolation of the Divine Will, and nowhere abows that he know of 
aoy gncb revelation, tliough it has been snggeeted, but nut ogtub- 
lished, that be may have got some of liis knowh^ge from tbu 
Hebrews. Tho intrlneic evidence ia certainly against tliia supposi* 
tion, BB Ilia doctrines on the subject of immortality are tuu Fyttui' 
ji tai any oonceivablo Hebrew source. 
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OUT present expedience it docs not always contisna lo 
esist, for it may bo and is frequently in a etuto of absolnto 
enapension. It is not thereforo true, on any prinoiplo 
either of direct or ftnalogous reasoning, that because a thing 
exists it must have always existed, or must always con- 
tinue to exist.* The very converse is the rule of hnmau 
experience, and it is n rule which admits of no demon 
strable exception ; for even matter did not always exist to 
human conscionsneEis : hence the eternal ondnrance, or in- 
destructibility of matter is not demonstrable by so limited 
and finite a being as man. He can no more tell or de- 
monstrate what shall be after him than he can prove or 
demonstrate what from all eternity has been before him ; 
and bo is no more warranted in assuming that matter is 
indestructible, simply because he cannot destroy it, than 
he would be in assuming that the moon and planets are 
incombuxtible because he cannot set them on fire. Man's 
ordinary and too popular inference, therefore, that matter 
is indestructible is an impotent conclusion, founded 
entirely on the assumption that his own small and limited 
powers are the boimdary of all physical possibility and all 
knowledge, and not on any complete and absolute ac- 
quaintance with the whole laws and iwasiblo conditions of 
matter. This defective knowledge of man may be proved 
by facts recently observed which are exceptions to all 
the chemical laws and conditions of matter with which 
human science is acquainted : — Biela's Comet, a small 
nucleus comet without a tail which moves round the gun in 
a short orbit, which it traverses every six years and a half, 
was in 184(>, without any asccrtainablo cause, observed to 
divide into two parts, which have since continued in a state 

* Plato's lenBoning, even in his own tiande, icsiilta in tLe con- 
clusion, not so ranch that the humun soul is immortal, as that soul 
must liBTO existed from all etemitv ' in other words, tliere must have 
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of complete separation, detaoiiBtrating the fact that thero 
ate coaditions in which matter maj not he poeaessed eitlier 
of cohesion or concentric attraction — a circumatance which. 
no known law of chemistry or other seionce can explain ; 
and yet wo are compelled to recognize this fact, on the 
aathority of aetronomj, as being quite ob authentic as any 
with which that great science, or any other science, has 
made us acquainted ; and other fucts might be cit-cd. 
All that wo can yentiiro, on the basis of human espe- 
rience, therefore, to say is, that man cannot destroy matter, 
but that we ore net suiEciently acquainted with its laws 
to assert that it absolutely cannot be destroyed. 

But another and a nearer &,ct which we must equally 
believe, though we cannot explain it, is that Life, and Mind, 
and Feeling are introduced into, contained within, or with- 
drawn from Matter, such as our material bodies, without 
changing, increasing, or diminishing the physical character 
or amount, or adding to or deducting from the bulk or 
weight of their Matter. How electricity is contained or 
operates on and within bodies we may acquire some know- 
ledge of, but electricity is a material element, capable by its 
application of expanding and contracting bodies, as electro- 
lysis has shown, while Mind, Life, and Feeling thrill and 
float along our nerves and tissues, or flnsh into the wide 
region of imaginary e^steuce and action by a mysterious 
power and range of volition to which wo have no key — a 
fact before which logic is dumb. Electricity is not Life, 
however fondly some have sought, in eager haste, to call it 
so. True, it has wondrous powers. Dead men have been 
made to move hy it — their eyes have opened, and the cold 
imd rigid features have changed and varied witli a ghastly 
counterfeit of the eispresslons of life. Nay, the stomach 
has, under its influence, been made after death in some 1 

degree to perform the function of digestion. But no ap- i 

l^^^ioation of this groat ^ent has ever, even in one instance, J 
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naloTCd Ufe akMlirtdr d^artad, or anwted 

md^piynou portianB-M €sr boo^f coca rauiy ac^biiAbh, 
aaaot ke nanited tj thia ev an y other pfajsml agencf . 

Ula^ Hiad, and Fuling aie ttraa obritHdj' not iabtratt 
in aUxtriatj, sor in mj otiwr Katerial eloBent <tf wfatdi 
nature is compoaed. The qaeation baee has fieqnentlj 
been aaked, what can k« know of the external wcvU, see- 
ing that oar minds cannot properly know what thej are 
not in actn^ koA tangible contact wiUi ? This qoeelion 
has been nmeh complicated by the controverEitJ mode in 
which it has bem stated and dealt with, and also by the 
nnwammtable bat osohecktid aEsnmptio&s which have 
ftom time to time formed, and Etill in a large measore 
fbnn, part of the propoeitionB laid down and admitted on 
both sides by those who caDvasa such qnestionB. The 
Greek physicist laid down the proposition, Ihat norUa^ 
but matter ran touch or he timcked ;' and from ibis apho- 
rinn, too hastily aaanmed as an axiom on the mere &ith 
of its own plaasibility, it was Mlacioasly inferred that 
everything innst be materiiil. When Bishop Berkeley 
laid down the cormter-propoBition — that feeling, or the 
getue of touch, U no( an atlrHmle of mailer, becaaxe, as 
mnst be apparent, it nowhere exists inherently or insepa- 
rably in matter — he confronted the previous proposition 
with an aphorism equally plansiblo, and, from the reason 
just given in support of it, more iinqnestionably axiomatic ; 
bnt then, so fallible is human leaaoning, and bo eager is 
man to rush at ultimatii and premature conclusions, that 
Berkeley at once felt himself warranted in drawing this 
inference :— As feeling is not material, and as we can know 
nothing but what we feel or experience, therefiwe the 
exiatence of matter cannot be proved, and we are war- 
ttnted in concluding that there is no such demonstrable 

* This prajKieitioii ie the basis of the pliilosaphj of Epicunu, 
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thing OB Mnttcr, Hume's philosophy waa foimdecl on this 
basis, and was rendered further preposterons and Gxtravo- 
gant by his plnnging at osce into the dark, as far as ecepti< 
ctsm could possibly go, with tho wild and spectral iufereace 
that: — Becuiise tho existence of Matter could not be 
demonstrated, tjierefiire tho eiistence of no Eeality could 
be demonstrated, and hence there is no such thing as 
Beality. Now if human reasoning leads men of intellect 
to conclusions lilce these, leaving the disciples of the phy- 
sicists, on the one hand, with the proposition that there 
is nothing but Matter as their creed ; and, on the other, 
arraya the metaphysicians round the counter-proposition, 
that Matter cannot ho demonstrated, and hence there is no 
euch thing as Matter, and the sceptics at the back of these 
to draw their wild and wide conclusion from both sides 
of the controversy, and, if they have a mind, state it ia 
a syllogistic negativf thus : As riolking hd matter cm 
loach or he touched, and the existence of mailer cannot be 
demmgtraled, there can be no other tangible reality tlian mailer, 
and the existence of 7wt tangible realiig can be demonstrated — 
the result is sorely disastrous only to man's intelligenoo. 

It is melancholy to find men of thought and unquestion- 
able power contented thus to pervert tho great qualities 
of Godlike intellect, and, in deference to their own pet and 
fayourito theories, leave the grand questions of eternal 
truth in this state. It ia so easy in suck directions to 
reason a little way above the average intellectual energy 
of mankind, that it becomes just the more deeply and 
indelibly reprohonsible to stir np more sediment into the 
fountain of truth, and leave the common mind to grope in 
tho darkness of its muddled and inky waters. And yet 
such is tho condition in wliich partizan philosophy has 
left this noble department of inquiry and thought. 

In tho preceding summary we have condensed this 
it, and stated ita substance rather than its detail, that 
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we might not embflrraBS tlic genernl reader with tcdionslf 
protracted sophistrieB, nw foul his free and healthy mind 
with Bubordinate and diMiugenuona controversies intciiBely 
unworthy of his attention. Truth ib not so dark when 
candour comos to deal with it as theee subtle and merely 
technicBd philoBophers would make it; for tho wholo truth 
of their philosophy doponds, not upon the facts, but on the 
accui-acy or inuccuraey of the terme or language in which 
they have eiprosBed tbemBelveB ; nad it is only necessary 
tfl state their propoaitions in detail to ghow in how many 
parts the chain of logic is broken and fragmontary, and 
the reasoning inconBecutive, becauac they have assumed 
their language to be perfect 1 

Let us take then the proposition, 'nothing but matter 
can touch or be touched,' and, following it, the proposition 
by which it is bo obviously refuted, that 'feeling, or the 

attribute of matter.' Prom this latter proposition, which 
is obviously correct and irrefutable, the nest proposition 
ia said to be drawn, that as our feeling 
not material, and as it is &om these feelings > 
that all our knowledge of what is estemal to us is derived, 
and we are conscious of nothing hot thorn, therefore wo 
have no knowledge of matter or external nature, and the 
existence of matter is not, and cannot be demonstrated. 
Thia inference is certainly very plausible, but it is not 
warranted by the Mitecedcat proposition oa which it pro- 
fesses to be based, and without ^vhich it has no foundation. 
An intermediate link of the logical chain has been dropped 
in arriving at it, and when that link is replaced it will be 
found fatal to this last over-drawn inference, for it does not 
bridge the leap between it and its antecedent, but carries the 
current of deduction and truth off in a totally different direc- 
tion. "While it is quite true that feeling, or the sense or con- 
Bciousnow of touch, is not material, nor an attribute of 
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matter, it is not true that feeling, or the eenso of touch, as 
IB hoatily assnmed hy the sucuuedicg inference we have 
Btated, does not touch ; for it could not be a eenso or con- 
geiouaness of touch, wilJiout louchmg. The miBsiug link ia the 
i^ain, therefore, ia the propaaition that the sense of touch 
does towJi, and is a contieiousneae of toiicliing. It is, iu fact, 
the point of contact between Matter and the Immaterial or 
Metaphysical, and but for the fact that the Bonse, or con- 
sciouBness of touch touches the fii'st propoBition, that nothing 
but matter can touch, or be touched, would not be disproyed 
by the other propoBition, that feeling, the sense of toach, is 
not an attribute of matter ; for it is only hecauae the sense 
of touch loachei that we are enable<l to demonstrate tbo 
inaccuracy of the first proposition, and say that Bomething 
else than matter can touch or bo touched — that vur con- 
sciousness of touch, which is not material, can touch Matter, 
and that Matter can, reciprocally, touch our ConBciousncBS. 
Hence our consciousness of touch is an actual contact with 
that which we call Matter, and is a demonsfratios to us of 
the exielence of that Matter. What then becomes of the 
wild inference that the esiEtence of Matter cannot be 
demonstrated ? And what of Hume's wilder and wider 
leap into the chaos of metaphysical intangibility, that 
Reality ia incapable of demonstration ? 

The result of this correction ia that the proposition — 

Ist. That ' nothing but matter can touch or be touched ' 
ia untrue, for 

2nd. Feeling, the sense or consciousness of touch, is not 
material, and 

Srd. Feeling, or the sense of touch, touches and is con- 
Bciousnegs of toueliing Matter, and, consequently, 

4th. Matter and the immaterial or metaphysical may 
be, and are, mutually capable of touching, and are in actual 
contact when the consciousness of touch is occasioned. 
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5tli. By tills poBitiTO and actual contact the exittenee of 
(lie phi/gical or material world is. ty contact, kaoiea a»d 
demonttrated Ut the iTntnaterial and melophyiical. Hence 

The inferences tLat the eiietcnce nf Matter and of 
Beality cannot bo demonGtrated are reduced to ab- 
Bordity, for 
Firgt. Conscionsness, tbougli not materiftl, is a eealitt 
and ia the great primary perceptive faculty of man. 

Note. As such it claims the primary place in the 
preceding tAble occupied by the false proposition, that 
' nothing bnt matter can touch or be tonched ;' tho re- 
maining four propositions of the table following it in 
logical Eeqaence, and deraonEtmting that, 
6th. The primanj reality of Consciouenest is capahle of 
htowing and demomlrating to itself llie existence of Matter 6y 
lotifh, as well as its ojea metaphysical or immaterial existence 
and reality by its Consciousness of such existence and realilg. 

Hence Epicurus, Bishop Berkeley, David Hume, and 
their respective disciples aro all in error, though it must 
be borne in mind that to Biebop Berkeley is due the 
honour of refuting the materialiEts and laying down the 
second propoeition in the preceding table, ivhich forma 
the groundwork of their refutation ; but it is the third 
proposition of that table, founded on tho second, which 
really contains the refutation eipressly of their proposition 
by demonstrating that something besides matter can touch 
and be timched, and that consciou»neK of touch is the actual 
contact of the physical and metaphysical. 

But now let na consider some further facts connected 
with Consciousness^thia great primary perceptive faculty 
of our being; for all our physical senses and faculties are 
mere vehicles and channels of its action, and without it 
tho eye, however perfect, ia blind, the ear deaf, the touch, 
smell and taste all alike powerless and incapable of vital 
action ; for it is dqIv whci nnr doaacionaness is Dresent in 
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any of these feciilties that they parcoive, or aro capable of 
perceiving. While Consci oneness, then, is a reality, and is 
oar primary perceptive faculty, the following propositions 
are true in regard to it, and follow each other &8 oonse- 
quences and ei^rienees from it. 

1. Each man has only one faculty of ConsciouBness, and 
that Consciousneas constitutoa hifi primary identity to 
himself, for in the course of life bis body and other points 
of temporary identity change from childhood to age and 
loae all the featm'es of literal identification. 

2. This faculty of Consciousness is not capable of doing 
two things at a time, or roceiviiig two or more simultaneouB 
BensatiouB, hut its acts and sensations are successive, one 
following another : thus when the consciousness of hearing 
is in action the consoiousness of seeing, or anything else, 
is for the moment suspended. 

3. This foeulty of ConsciouHneaa, though not forming 
any part of our bodies, nor inherent in the matter of them, 
does, while wp live in this world, reside for the time being 
within our bodies and within and in actual contact with 
the Matter of them, though not within any particular por- 
tion of our bodies or of their material components ; for, 

4. The faculty of Consciousness is capable of pervading 
everypart of our body in the most rapid succession, changing 
from head to foot, from hand to hand, from eye to ear, 
from taste to smell or touch, and from any point of touch 
to another over the whole surface of our bodies, and all 
this with such celerity and ease as sometimes to deceive us 
into the idea that wc have received simultaneous instead of 
merely rapid successive impressions or sensations. 

6. The faculty of Consciousness is therefore, and as 
they are successively esercised in conjunction with it, in 
aeUial contact icith the impretgiona of ofZ our facultiea, and 
con conseituently place itself in actual though metaphysical 
itoct with every physical impression which our physical 
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faculties aro capable of receiving or beiog affected hj, a> 
well as with every other kind of impression, not De*:es8aril7 
physical, by which they are affected. Thus, when w» 
inilRlge the imagination or memory, or when wo dream, 
thii physical faculties, engaged for the time in any of these 
oecnputionB, are impressed or affected by the metaphysical 
influenoea of imagination, of memory, or of dreoming, 
and the amount of Consciousness ciertcd for the time is ia 
contact with these physical facnlties, and, through them, 
]iorcoiveB the metapbysical influtiiccs by 'vbich they ore 
aObcled : and hence it follows that, 

G. The mctaphysieal faculty of ConscionsncBs is capable 
of actual contact with all the physical faculties of our 
nature, and with all the other realities, or influences of 
uther realities, whether physical or metaphysical, by which 
these physical faculties may be impressed or affected. 

7. It follows from the preceding that one metaphysical 
fact or influence, aueh as imagination, memory, or dream* 
ing, may come into contact with another metaphysical 
fact, our Consciousness, by using a physical and material 
fiiculty as its intermediate channel or vehicle of operation 
in doing so. Thus the physical faculty standing between 
may bo in contact with, and acted upon by, the met(^• 
jihysical on both sides, and hence we reach the hitherto 
unapproached conclusion — 

8. That other metaphysical powers and influonces besides 
cnnBcionsuoSB of touch may come into actual contact with 
Matter and with material faculties, and positiroly act 
upon and imjiress, and ettuse action in, the Matter of 
these faculties just as really as a physical body may 
penetrate and stir water. 

But may wo not go a step further, and, strictly within the ' 
limits of logical deduction, place ourselves on the boundary ' 
<if a greater and a still higher truth, and prove from the 
following pTomises, viz. : It is not the eye that sees, but the ' 
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faculty of eunseiousuesB when ia tlio oye ; it is not tie ear 
that hears, bnt only the faculty uf coiiBciougueBB irhen usiog 
the cor ; and eo of all onr other phyeical senses — it is not 
they that perceive, but conBciouBiiesa that perceives by 
: them, Eut confieiousuesa is not a special organization 
adapted specifically to seeing or hearing : it is a mtla- 
fhjiioal perceptive power, capable of realising ia living 
experience and knowledge any or all of the improsaions of 
onr physical faculties, and more — it ia capable of using 
these impressions and its knowledge of them as elements 
of neiv creations, and new combinations, and climbing the 
steps of logic and the heights of imagination and memory 
with them into regions apart from matter, illimitable, and all 
its own. The eye na an actual faculty, bearing upon the 
outer world, is to the oousciouaness nothing more than a 
mere camera with an image in it portrayed on the retina ; 
but the retina, without the vital presence of conseiousnesa, 
is no more capable of seeing the image portrayed upon it 
than a piece of photographic paper or a plain mirror ore 
capable of seeing because they have images upon them. 
The retina merely mirrors the image ; it is the Conscious' 
ness which perceives the image portrayed, and con- 
sequently, 

9. The same faculty of Oonaciousness which is capable 
of perceiving with all its details the illuminated surface of 
the retina, or mirror of the eye, and the pictui'c upoo it, 
must bo equally capable of perceiving the iiuagcB on any 
other mirroring surface, or the details of any actual 
suriaee whatever, were that faculty of Consciousness equally 
free to come in contact with such mirroring or other 
surface, and hence the present factitious, but not inherent 
Limitfttimi of the faculty of Consciousness to our physical 
and organic nature and its faculties is a restriction rather 
than a full development of its perceptive powers, ^dud 
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10. Sucli a fact lands this great primnrj pcTceptiTt 
faculty of otit being fairly and fully on tlio murgin of tho 
infinite, and prores it to be capable of being enabled to 
Iiereelvo all reality, physical op metaphysical, beyond 
tho range of our pi'esent eiperience, wero it only allowed 
to oome into competent contact with such reality ? 

It will be observed that tho argument here is not for 
the immortality of the soul, but for its highest powers of 
perception or knowing, and of acting. The immortality, 
or durability, of our consciousneBa is, oa we have said, 
dependent, not on anything inherent in itself; for it did 
not exist from all eternity ; but on tho Great Will and 
Power by which it was called into existence and continues 
to esdst, and no one can prove what that Will is but by 
the revelation of it, so that a proof of tho immortality of 
the soul on any other ground is impossible. 

Prom this point lot us — omitting the third proposition, 
p. 9, now stated, and all that follows upon it— look back 
for a moment to the condition of human philosophy die- 
played down to the present time hy the state of these 
questions, and what it reveals of man's mental powor of 
Belf-decoption. 

When EpicuruB based his philosophy on the aphorism, 
nothing bnt matter can touch or be touched, he was 
guided by one faculty, tho eye only, in arriving at tho 
conclusion to which he came ; for had he been guided by 
the seuso of touch itself, in addition, he muat have 
become aware of the fact that feeling touched as well as 
UATTBR. His blunder, therefore, was that ha reasoned 
from partial and defective premises. Indeed, caustic 
though tho remark may seem, it ia more than doubtful 
whether a blind man would have fallen into the samo 
ditch, for a blind man does not so readily perceive tho 
contact of matter with matter, and is mora impressed 
with the contact of comcioumeM with maffer. Aristotle 
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and Plato occnsed the matcrialiGts of refusing to believo 
in iL&jthing they conid not handle with their hands ; but 
this is even more than what way true of their philosophy, 
and less than diacrirainative in judging it. Tliey 
evidently did not believe or allow for feeling or con- 
sciousneae in the hand, but falsely assumed that the 
whole of the hand's function or oonsoiousness of touch 
was material and apparent, and nothing more than what 
they saw of the hand with their eyes. But while they 
saw physical contact with the hand, they never saw 
feeling or tho conBciuusneGS of touch in it, and they 
therefore drew a conclusion as to touch at variance with 
the sense of touch itself, and with the evidence of every 
other faculty of man but his eyesight. 

Berkeley, on the other hand, refuted their piepoBition 
not absolutely or directly, but only by implication and 
without really perceiving what was necessary to do it. 
His proposition that the genae of toudt is not maiei'tal 
implies the refutation, but this element of his proposition 
he himself expelled &om it by gratuitously assuming 
that the existence of matter could not be demonstrated, 
and that there was, therefore, nothing for the sense to loach. 
From wont of logical discrimination to state the third 
proposition (p. 9, ante), he not only did not refute the 
Epicureans, but left himself without a correct basis for 
further logical progress, and went off into all the enoTe 
of bis subsequent fallacious and inconsecutive philosophy. 
Had he perceived that the sense of touch, though not 
material, touches — is a sense of touch, and vmst therefore 
have something to touch lefore it is semible of towhing — 
be would not only have refuted the Epicureans in direct 
teiiQB by showing that something besides matter can 
touch and bo touched, but he would also have avoided 
the blunder that matter is intangihlo and cannot be 
demonstrated, and all tho errors he, and Home after him. 
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crowded on tbo back of tbat fallacy. Berkeley eonfesscB 
to a desire to defeat the materialist philosophy 
sweeping coucluBion against tbo whole basis of their 
arguments — tho esistence of matter — and he lost his 
impartiality in the eagerness of bis zeal. " Matter," he 
says, " being once eupelled out of Nature drags with it 
many sceptical notions • • • ■ without it your Epi- 
cureans, Hobbists, and the like hare not even the shadow of 
n pretence, but becomo the most cheap and easy triumph ia 
the world," He fell, therefore, into the weakness and 
error of seeking to destroy a reality for the purpose of 
confounding those who perverted it. Howlittio the cause 
of truth is capable of being so served or promoted ie 
conspicuously illustrated by the fact that the very meoue 
employed in achieving his object laid the foundation of 
just as much evil as it senght to cure, and reared up Hume 
iuBtead of Hobbos, and something more than even absolute 
Egomism* in the place of Epicurus. For it is painfully 
evident that, if Bishop Berkeley had not sacrificed his 
candour to Lis zeal, ho would have made it much more 
difGcult, if not impossible, for David Hume to have been 
an iuhdel. 

The power of self-deception, it will be found, from the 
preceding remarks, is by no means impaired by the study 
and pursuits of philosophy. Let us hope that candour, 
and an inflexible love of truth for its own sake, are able 
to steer clear of those subtle shallows on which theory and 
speculation hnve so often foundered and gone to ruin. 
Many eminently wise men have lived and died without 
being a whit the mere foolish from not knowing much 
of metaphysics. Is it impossible to believe that these 
great minds hove perceived, altogether outside, of meta- 
physical science, that the great primary perceptive faculty, 

• 'I'hB (ieaiul of eyerylhing but one'a own exietonce. Hume 
dBQicci even the realltv of bis own oxutesn' 



i 



OOKSOIOCSNBBS AMD ITS FOWEBS. 

human coDBoioUBtiess, poBsosaed a power of touch or 
contact with physical nature, w-ithimt their finding it 
iicccssu-j, as a stop in the logical progreae of their 
intelligence, to lay dawn that fact among the abstract 
soiin&ncoa of dialectics, and that they have not erred 
the more in all the practice and nobler ainiB of life from 
neglecting to do bo'? Fortunately, practical human life 
is u'ot condnctod under the light of dialectics, bnt men 
have to judge very much on the impulse and neceBsity 
of the occasion in moat things, and were it not for their 
l)Ower to do eo few would be able competently to meet 
the responsihilitiea of existence. 

It may now form an amnsement for such of our readers 
as care for the csercise of logical analysis to tnm back 
to the syllogism stated at page 7, of the preceding 
remarks, which contains the whole eonccnti'ated force 
of David Hume's philosophy, and satisfy thonisclvea how 
much sophistry there may be, after all, even in so solemn 
a formula as a syllogism, and how utterly false it may be 
in every member of it; for in that instance it will be 
found that the first blunder is a. double one in the mRJor 
proposition. Fur those who would like to follow the 
subject of Metaphysics still further, reference is made to 
the learned and discriminating article, " Metaphysics," 
in the Encyclopfedia Britannica, and the fi-Tst dissertation 
prefixed to that work, which will show what a muddle has 
hiherto, in all ages, been made of this great department of 
thought, and in what a disgraceful condition it has been 
left to the present day from want of a little consecutive 
directness and unbiased simplicity of thought. 

But the primary perceptive power ok Consciousnesa of 
man, its actual contuct with, and knowledge of. Matter and the 
Immaterial, and its proximity to the Infinite, having been 
HO far indicated, let us now deal with tho physical facnities 
vith it. as forming its csisting chi 
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openttioD, nnd vvith a fow fQatnres of their etructuie and 
action, which Sir David Brewster has not in his Letters 
brought forward, but which, in some instances, tend to 
throw considerable esplanatory light on many of the 
phenomena of Natural Magic he has set forth. 
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CHAPTER 11. 

Coaaeioianeai aa Iht pri/aary periKptice faeally of our Being — III 
eonlttd tciVi reaUly and witit ali out impraiiniii and leniatioiii 
' ojTealUij — Eye mid Ear more folgeet to infiuenee from timviated 
■"" ■ !( than the other »mK«— TOMcft and T(Ute poeaew more 

aitive paaieD aiid ■meaiii of axumat — Smell intermediaU to 
nirU of potoer^SUhop Berkeley and the Eye — Nal the Eye thai 
^ttqaireteducatiaa from experieiice,bul the Conietoianett — TkeEi/e 
Wmerfed. from the firtt—Diference betweaiihe ConMciausitettofman 
^'tnd of iMier aniiRuit — Difference betaeen inilinet a'ld reatoa — 
9 SieBeat of Seiuatian—SIiiapprBhennaae at to tf—ConaBfounen 
^ IJirou^ our bodie4~Capable of exteiiiion on surfaces— 
\ Oonecioutaea of tpaBe—Aclioa of the sentei tw( necewary to 
Cor\iaioutiie$i in them — Poaer of Coniciouineii over thefacuHia 
— iVeueure and Fain — AUmtion—Tlioaglit— Memory . 

Ik tlio preceding cliaptar lot us venture to Iiopc it lias 
been proved to the Batisfnctioa of oven the most general 
reader, who is at all a tEtinlier, that CoHHciorsKEse, tho 
great primary perceptive power and facnlty of our Being, 
IH actually in contact not only with all we know — with all 
the impressions with which external nature or reality 
affects lis — but nlso with all the channels, Benees, powers, 
iF faculties, material or immaterial, organic or inorganic, 
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of knowing i 
[■ imaginary, at all limes mhen 
■ssiojis : and also that when- 
with anything, la necessary 
wo are impressed by it, our 
1 act of contact, and, as such, 
ye are awaro of that contact, 
sensation from it 
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e receive improssionB without actunl contact 
ivith the ohjecta or causes which produce them, our con- 
Eciousness comes in oontact with the impressions so pro- 
duced, and not with the ohjecta or causes themselves ; and 
this applies especially to what is soen and heard hy us, 
for in. these cases the impression produced on the oye or 
the ear is all that our consciousnoss comes ia contact with 
by Boeing or hearing. And as hearing and Tision are thu8 
faculties, or powers of perception, vhich do not come into 
actual contact with the objects or causes from which 
their impressions proceed, but only with the impreBsions 
proceeding from those objects, it follows that the eye and 
the ear must he much more fiuhject to influences which 
simulate their real impressions, and must therefore be 
more liable to deceptioa than the other senses are. And the 
experiences detailed by natural magic show this to be 
strictly true. The Bensea of taste, touch, and smell, are 
roi'cly deceived in comparison with the senses of seeing 
and hearing, and the means of deceiving the former are 
much more limited in number than those which may be 
brought to bear upon tho two lattor faculties. This will 
be better understood fi'om the following aualyticol com- 
parison of tho powers of the various senses. 

Ploasuro and pain — the agreeable and disagreeable— arc 
more or less common sensations of all the faculties ; but 
two of onr senses, Feeling and Tnste, involve touch, or 
actunl contact, and the perception of temperature in their 
csorcise. Two others, Sight and Hearing, do not involve 
touch, or actual contact, neither do they involve as a 
seiaation the perception of temperature. The fifth sense, 
Braell, occupies an intermediate poBition hetvvoan the four 
others which are thus arranged into two seta, and partakes, 
and in part does not partake, of the powers of each Bet ; for 
the sense of Smell, or the olfactory organization, does not 
fift mle como into actual contact with the object from 
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whicli the aonsationH by which it is iiffocted proceed, but 
only comes in contact ae e, ecuse with special atoniB or 
partideB of what that object emits. Tiiia may be Euid to 
be partly contact, and partly not. The olfactory organi- 
zation IB also capable of perceiving extreme variations of 
temperature as a sensation, though it is not very sensitive 
to the impreBsions of common temperatures. Eitremo 
heat will consciously affect it, oh well aa estreme cold ; 
the latter causing the coavulaive action of sneezing in it. 
It will be thus perceived that the two senses of Feeling 
and Taste havo actual contact and the perception of tempe- 
rature, and the sense of Smell partial contact and partial 
perception of tonipcraturo, in addition to their respective 
and distinctive perceptions of feeling, tiisto, and smell, 
to protect tbem from deception, more than the Eye and 
the Ear, which only see and hoar, have. 

Let lis now consider the great primary perceptivo 
facultyof Conscionaaessas it operates through these various 
Senses as they are called, or, more properly, channels of 
its action. If the senses be organically perfect in their 
structure they must operate with perfect accuracy from 
the first dawn of our espericnce. Bishop Berkeley, who 
has been highly complimented by Professor Dugold 
Stewart on the merits of his work upon the Eye, speaks of 
the eye being educated by experience. However un- 
pleasant it may be to damage a literary compliment, truth 
req^uires it to be said here that Berkeley is altogether wrong 
when he so speaks of the eye. That organ is a mere 
reflecting telescope mounted by nature for us, and is as 
perfect at the beginning of our ciistenco as it is to the 
last. I'he imi^e portrayed on its retina or speculnm 
must, if the optical structure of the eye bo organically 
perfect in childhood, be as aecnrnto in receiving and 
detailing the first object it is impressed by as any aubsc- 
■ image. It is not the aecaraoy of tiiis 
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image, or its details, that ia ever improved by experience 
in any liealtliy eye, but it is tbe great perceptive faculty 
of ConsciouBneBs that improves by experience in its know- 
ledge and appreciation of the eye's images. It is not 
therefore the EtE, but the CoNSOiotrBNEBB, that ia cdncat«d 
by experience. A few analogous facts of comparative 
science will rondei this very clear. Some animals are 
endued with perfect eight from their first contact with 
light. The sight of a chicken ia j)erfect as soon as it 
chips the shell. But we have no reason to know or believe 
that the eye of a chicken is more organically matured or 
' perfect at that age than the eye of a new-born child. Its 
anatomical structure is in nothing that we can perceive 
more efficient or more complete. The retina in a child is 
a perfect nurror, and all perfect mirrors give 'at all times 
perfect images. But then a chicken's 
given it to perceive and act ; a child's c 
given it to perceive and reflect ; and an noting conBciooH- 
ness is more easily educated than a reflecting conscioua- 
noBS. Hence the difFcrence between instinct and thought. 
A chicken's perceptions are enough for its guidance. A 
child is guided by its reflections, and hence its reflections 
have to be edncated and allied to its perceptions, for its 
guiding power is not in, but aepaitito and apart from 
its perceptions. A chicken's consciousuesB is perfect at 
once within the whole range of its faculties, for its con- 
scionsnesa is merely perceptive, and all its faculties ore 
perfect in their impressions. A child's consciousneea is 
reflective, and is not perfect at once, from want of elements 
of knowledge to enable it to reflect, and it therefore grows 
by means of Icnowlodge and experience. Hence the 
superiority, in point of immediate accuracy, of instinct 
over reason. A chicken will not run into water unless 
. it be of the a([uatic species, becauEe it is couscious of 
. d^ger ; a duckling, though hatched by t, hen, will, beoaoae 
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safety. A cbickeo, ui a duckling, will 
not run into fire, because it is conscioua of danger ; a child 
will, because it ia uucouscions of danger uutil it has 
learned it, not by inetinctivo perception but by eiperience. 
We have not here spoken of animals bom blind, for the 
obvious renBon that these cases are not within the analogy 
ire are discussing. In such casos the eye is not perfect 
or fnllj matured till it is opened at a period after birth, 
such as in dogs and kittens. In the latter the develop- 
ment of the eye's organic maturity is sloiv, and the full 
opening of the visual faculty gradual ; but children are 
not born blind, and no are aware of no gradual maturing 
of their visual organs after birth as in the case of kittens, 
Berkeley alludes to the fact that a human being suddenly 
endowed with sight would not bo immediately able to see, 
but would require experience to enable him to use th^ 
faculty ; and the assertion is apt to be employed against 
tho evidence of miracles and their possibility, though that 
would be contrary to Berkeley's intention in making tho 
remark. To prevent this abuse of it, and also to correct 
the remark itself to some estent, we have only to aiik 
what is to prevent a man from bemg instantanooualy 
endowed with the po^Tc^ of perfect sight, just as much as 
a chicken, by tho same source from which both derive 
vision? Nothing therefore cau be founded on this 
remark of Berkeley's against our Saviour and his apostles 
giving instantaneously miraculous sight to the blind. It 
is not at conflict even with esperienced natural analogy. 

We bave now shown, let us trust, that it is the Conscious- 
ness, and not the FnisiCiL Sense of man, that requires to be 
educated by experience. It is of some importance there- 
fore that wo should endeavour to know as much as possible 
of this great primary faculty and ultimate perceptive 
power, ConsoiouanesB— how it operates in conjunction 
. witlt the shTBical faculties, and where it resides in our 
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being, because a good deal of language witb nliioh wQ 
Lavo bcicomo familiar from diitdhood is apt to give fidse 
impressions oE this subject. Tbus we bear frequently of 
the Seat op Sensation, and wo woald naturally like to 
know precisely what it means. An idea has been created 
by the use of this expreseion that our Consciousness residea 
fixedly at some great centre of our physical organization, 
toward which all our nerves tend, and where they enter 
into Bubtle combination, forming a cumulative basis for 
its highest powers of comparative perception and aotion. 
But this must not bo takon as an implicitly concluded 
axiom because a certain amount of countenance is given 
to it by our anatomical structure. It is true there are 
nervous regions and nervous centres of our physical being, 
but it is nut necessarily true that these are the only Seats 
of Sensation, or that Consciousness fixedly resides diere. 
It appears much more probable to our experience, and 
judging from it, that when the sense of touch is exorcised 
the seat of sensation for the time being is at the point of 
contact, and that the Consciousness is there also and 
shares in the contact. In liko manner, of seeing, the seat 
of sensation is in the eye ; of hearing, in the cor ; of taste 
and smell, in the organs of taste and smell ; and that the 
Coaseiouaness does not reside fixedly anyivhcre, but travels 
from one sense and one point of touch to another along 
the nerves, and that a nervous centre is neeeHsnry only to 
enable it to do so, and to connect all the ways and means of 
its passage for that purpose. And from hence it would 
follow that Sensation does not travel along onr nerves to 
any seat or centre of Sensation, as has been supposed, but 
that oar Consciousness travels along our nerves in passing 
from one point of perception or impression to another, 
and that this is the reason why we are incapable of 
simultaneous, and only cnpable of successive impressions. 
Another peculiarity of onr Consoiousnma is, that it must 
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be capable not only of travelling nloug our nerves, but 
mnst aleo be capable of extension upon certain Bra-faces 
of tbem - because in tbe eye and in tbe senBe of touch, 
more especially, it ie capable of perceiving tbe extension 
of length and breadth not ae a succcsBive detail merely, 
but also as a united and present whole in tbe combination 
of the many q^nalities which constituto form. ConBcious- 
nees therefore, whatever it ntay be, is something more, 
and of greater dimensions, than a mere point^ — if indeed 
Buch a oireumsoribed amount of surface as a point can bo 
said to exist, for there is no point that wo can conceive of 
so minute that it may not be subdivided — for a point, 
however small, must have a. cirenmference, and that cir- 
cumfereuoe must have a centre with a still smaller cir- 
cumference ; and there seems no reaaon to doubt of infini- 
tesimal divisibility and diminution if we bad means and 
powers sufficiently fine to perceive them. 80 that, however 
small the surface of concentrated consciousness of touch 
may be, it must bo something more than a point, But if 
Consciousness be thus capable of extension on surfaces of 
our nerves and tissues, why not also on any other pbysieal 
surface Beporato &om them if free to reach it? It 
certainly appears to be tbe fact that when the touch is 
extended over any such sni'face the consciousness present 
is the touch is also extended over ond in contact with that 
surface in the Gense of touch. But while these facts 
appear to justify us in ascribing estension of sui'faco to 
Consciousness, they do not afford us tbe fdigbtest means of 
ascertaining that Consciousness has any definite form. 
We may be enabled to say that its size or extension of 
surface is as great at least, and fully commensurate with the 
size of any surface it is capable of appreciating by actual 
contact, but that does not enable us to say that Consciousness 
is of tho shape of that surface, or that it is not still larger 
than that Burfooe, and capable of indefinite expansion. 
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It has been said we have but one fnculty of ConBcionB- 
DCBB, and that it is capable of only EauceSBive, but not 
,of simultaneous eensatioue. It is not, however, correct 
to draw this last conclusion quite bo far witliout giving 
a qualified effect to many eousiderationa bearing on the 
subject in our eiperjence. Thus, if we lay the open hand 
down flat on a table or other Burfnce we feel the eense of 
touch over the general surface of tho open hand, but if 
we raise the hollow of tbe hand, leaving only the points of 
the dngers and the part toward the wrist in contact, there 
will be touch, and consciousness of it, only in two ports qf 
tho sarface which was generally conscious of touch before, 
-and the sense of touch will be suspended in the inter- 
mediate portion of the hand. But this division of ihp 
sense of touch does not create two faculties of conscioufr- 
ness for us, it merely occasions c 
touch in two portions of surface. In like i 
volitioa is capable of double action : thus we moy will to 
raise both hands and bring them by mutual and simul- 
taneous motion in contact with any external object or 
with each other, yet there is but one volition exercised 
though two members of the body ore simultaneously 
impelled and controlled by it. Indeed, in the exporimeiit 
with the hand touching a table, just mentioned, it is moi^ 
strictly true that tho Consciousness is extended over the 
points of contact and also over the part of the hand inter- 
mediate between them, and that it is only the contact that 
is suspended in the intermediate part, but not the Conadotw- 
ness, and that this may bo looked upon as a caso of the 
exteation of ConsciousnesB to and helween gimnUaneous points 
of contact ; and a more extended illustration of the same 
thing may be exemplified by the use of both hands in 
touching an object, in which case tho extension of tlio 
Consciousness is as great as the distance between the two 
hands, even to the extieUieBt point of their possible sepora* 
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tion ^om each other. Thus both bands may be used 
simultaneously to touch an object at ttro points more than 
B. yard and a half distant &om each other upon its surSice, 
and though the inferraediato surface of onr own bodies be- 
tween tLe bauds is not in contact with any object, yet Con- 
Eciousness, though ivithout contact, will exist over the whole 
leDgth of that intermediate portion of onr bodies when 
touch is so eiercised. This would aeem to show that Con- 
Bciottsnesa may be eseited aimultaneoualy over the whole 
physical range of our ecnse of toucb, and that, as the whole 
luminous range of the retina may, by the presence of 
extended Consciousness, simultaneously see, so the whole 
physical range of touch may, in like manner, simultaneously 
feel. But actual contact is net necessary to Consciousness in 
the faculty of touch. When a blind man raises hie two hands 
before him, and separatee them horizontally to a distance 
greater than the width of his own body without coming in 
contact with any object, he satisfies himself by Conscious- 
ness in the faculty of touch, but without any actual touch 
or coDtoct, that there is sufGcient space before him to 
allow him to advance his body forward without interrup- 
tion from any object ; aud in this case it is by eimul- 
toaeous consciousness in both hands, and simultaueoua 
consciousness also of tho whole distonce between them, 
that he satiefies himself he may proceed. Aelual touch ie, 
therefore, not neceseary to Conteieniineis in the faeuili/ o/ 
touch ; and hence Consciousness, that perceptive power of 
our being by which we become aware of all things we 
know, does not absolutely requiie contact with matter to 
enable it to discover tho existence of reality. It can 
discover and prove to itself the existence and the reality 
of space, even though that space were absolutely void of 
matter. True, it may be said that by extending the 
bauds in sjiace as we have mentioned the blind man uses 
^ hands es a jaatenai. means of measaronie&t in gauging 
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space, ftnd this qualification is fully admitted. But when 
the student in a nurrow room, with nan'ow and viaiblo 
walla of solid matter all around liim, shutters closed, tuiil 
all esteruftl light excluded, darts away by an act of 
thought from the midnight lamp before him, and in one 
bound of free and outwai'd hursting will contemplates ia 
imagiuation the remotest cluster of coloured stars that 
gem the distant sapphire of the night, and plunges into 
and peoples with his fancy the wide and ever-expanding 
infinitude beyond them, it is not the real or material that 
is or ever can be to him a practicoble gauge of that vast 
and ti-ayersed region of his mental will, but it is the 
abstract power of his Consoiousness alone, and its inherent 
contact with and appreciation of the possible — ite divinely 
endowed intelligence — that makes him aware of spaco 
whii^ no physical perception can reveal, and no expanded 
power of material optica ever meaaore or esLaustiTely 
explore. It is here and in similar instances that he finds 
his metaphysical powers to he superior in their capacity 
to all his physical capabilities, and that his ConsclousncES 
is shown to be aware of space to a degree far beyond all 
that mere physics can know or I'eyeal. Another character- 
istic of man's Consci oneness, therefore, is that it ia capable 
of action beyond the range of all knoum physical agency. 

But as actual contact is not necessary to consciousness 
in the faculty of touch, so neither is actual seeing neces- 
sary to consciousness in the eye, actual heai'ing to con- 
sciousness in the ear, nor actual taete nor smell necessary 
to consciousness, or the presence of consciouenoBS, in these 
organs. Consciousness may be present in any or all of 
them without their being actually in escrcise in a physical 
sense. Further, Consciousness may excite them into 
artificial action, and influence them with,and make them tho 
medium of hypothetical and imaginai'y impressions; and 
this fact foims the ^i^riixd hone for the mental conslntdive 
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power of our being, wliich may bo eaid to bo the dis- 
tinguiBhing power of man over other aninjols. Their 
greatest power is the poaer of their faculliea and impree- 
liong over their eonscioiisneis, and the phyaioal perfection 
of these impressionB in producing correct instinctive actioa 
and choice, Man's greatest power, reversely, is thepoicer 
of his OoiisciousnesB over his faeulliee, and hia means of 
oiwrsting upon them so as not onlj to perceive correctly 
what is, but to prove what is Dot, but is possible or im- 
possible. But even when our Conaciousneaa ueos our 
physical faculties in the diectission of hypothetical im- 
jireBBious, the initiative and du'ectiug power is not in the 
facultiea, but in tlie ConsciouBneBS. So that the will and 
the power to create and dispose of those hypotheses is not 
in, or a part of tKo physical faculties engaged, but is 
entirely in the Coneeiouaness and its power of volitioa and 
abstract perception ; and as this power is generally 
exei'cised with an aim wliich, though distinct and fixed, 
is not immediately capable of being reached in every 
instance, this iact proves our Consciousness to bepossested 
of the poieer of fareeasling, antidpatioti and predetermination 
(if puTjioae^ wliich is a power suporior to the physical facul- 
ties or their action. Over many artificial and hypothe- 
tical impressions ivith which our physical faculties are 
capable of being cicroiBed, our ConsoiouEness uses there- 
fore special and predetermined anticipation as well as 
supervising selection and centrol, and tho faculties are 
merely passive under such direction, so that it doee not 
Mside in them, but in influences apart from them. 

Let us now consider the impressions of Pleasure and 
., which are also sensations perceived by our Con- 
sciousness and not by our physical nature; for aueesthesia 
has clearly proved to us that tlie physical nature may be 
violated, even to the hazard of life, without producing tho 
riightest Bonsation of pain, as shown by surgical operatioi 
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performed nnder the iaSneaco of aniestlietic agents, 
by means of which the ConBciousneBa has been rendered 
dormant for the time. What wo call physical pain is, 
however, prcnlnced by injnry or violence to the physical 
system, and is only felt by the Consciousness in. connection 
with the affected part of that system. Yet physical pain 
is not in the physical system, nor in the injury done to it : 
neither is it in the Conscionsness apart &om the physical 
83'etem. Fain mnst therefore be an injury done to tbo 
Consciousness itself when present in the portion of the 
physical system which is injured. It has been already 
stated that Consciousness is present in the sensation of 
touch, when that sensfttion is experienced, and is in actnsl 
contact in our physical touch with the object touched. 
Let us snppose that in the act of touching we reeeiTc a 
cut, as in tonching accidentally a sharp razor. The part, or 
rather surface of touch, is hero severed. But are we not 
entitled to say the Consciousness is also partially severed, 
and that this is what constitntcs pain in the Consciousness 
by ft cut? In like manner, when a bum or scald is ei- 
perienoed by touching, is not the Consciousness present in 
the touch burnt or scalded, for it is really the Conscious- 
ness that perceives the paia of cutting, scalding, or 
burning, where these are felt, and not the physical ports 
aSectod, to which wo by indiscriminate language nsually 
ftscribo the sensation ? When anffisthesia separates the 
ConscioUBnesB from the part to he operated upon, no 
sensation of pain is felt, though all tho physical paits 
are treated in precisely the same way as if there had booa 
all the usual sensations of pain attending the operation. 
And this fact would seem to suggest that if tjie Conscions- 
Iiess wero rendered dormant by aneesthcsia, when attracted 
to tho crtrcmity of a limb which in that state was ampu- 
tated, the amputation of the limb, while the Consciousnesa 
"vaa in its extremity dormant, might poesiblv even sevot. 
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ConsciOTisnesB from the rest of the Hysteia along with tho' 
BCTGred limb, aud produce death. Surgeona have ox- 
perieaced unaccountable infitancee of death under operations 
which ought not of thcmselveB to have been fat^l, and some 
of these cases this might poseiblj aid to explain ; aud it 
iniglit admit of being proved by such an ciperimont as 
amputating the diseased limb of some inferior animal 
under anieBthesia, tho extremity of the limb being tickled 
to draw the consciousness of tlie animal to it while tho 
antesthetic agent was being applied. The failure of 
anffisthesift in some instances in securing entire freedom 
from pain might also admit of some eiplanation from the 
fact that the previous paia in tho injured paii rendered 
the Consciousness more resident in it, and enabled only 
dormancy, but not absence of Consciousness, to be pro- 
duced by tho anaesthesia. But while these remarks ore 
by no means insistctl in, save as suggesting a line of 
inquiry, the limits of which, whatever they may be, it is 
desirable to know, there can be no donbt about the fact 
that pfaysicBl pleasure and pain aro purely sensations of 
onr ConseiousnesH derived from its contact with the 
porticnlar arrangemonts or derangements of our physical 
nature calculated to cscito them, and it shows that the 
Consciousness abstractly is capable of being both gratified 
and injured. This is further proved by those sensations 
of pleasure and pain which aro not physical, but purely 
peculiar to the ConsciousneBs itself, such as sorrow, 
remorse, regret, fear, anxiety, longing, anger, love, mental 
joy, hope, confidence or trust, generosity, gi'Btitudo, 
truthfulness, which ai-o attributes, sensations, or capa- 
bilities of our Consciousness, apart from physical pleasure 
or pain, and not capable of being ascribed to,any physical 
faculty. For if what we usually call physical pain be 
not, as we have shown, really physical, nor correctly do- 
'Bcribed as such, much less are these other sensations 
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physical ; and it would hence follow that eeporation from 
the bodj docs not ncceeEarily, ajid of itself, ecpEmLte ue 
tram the Beneiitioss of either pleasiiro ot pain ; for, as will 
bo rendered still inoro apparent in dealing with the 
ConHciousness in connection with (he physical faculties, 
and their structure and operation, in the aacceeding 
chapter, it will be fonnd that CouHciousncss poBsesses in 
itself alone bJI the attributes, powers, and Bensibilitiee which 
wo usually ascribe to it only in connection with the preseat 
physical arrangement of its exiEtence, and that we are 
thus enabled to prove the separate capability of the 
existence, though not of the immortality of the Soul, or of 



Bat though wc have said that Consciousness is capable 
of estension over (he sense of touch, to the degi'ee of 
perceiving a large amount of surface, and also of perceiving 
simaltaneously different surfaces or parts of a sui'faco, thia 
fact does not essentially qualify what is meant when we 
say that the Consciousness is capable only of successive 
and not of simultaneous sensations or impressions. The 
moaning of this last statement is not that the Conscious- 
ness may not receive a larger or a smaller amount of 
simultaneous impressions through any one Benso^not 
that we may not, for example, see simultaneously both a 
horse and his rider, or hear both a trumpet tone and the 
note of a violin, i^c, for cither of these instances is but the 
perception of one sense or faculty — but that wo cannot 
direct the Consciousness simultaneously to the impressions 
of two different senses ; that its attention must be sue- 
ccesiTely applied where more than one' sense or faculty is 
exercised ^ that, in fact, there is but one faculty of Cou- 
BciouanesB, and but one power of attention in that Con- 
sciousness. 

This power of attention is also another source of diffi- 
culty, and we have preferred not to use the expression 
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hitherto on account of the tendency to niisleftd whicli ie 
involved in it, preferring the moro compreliensiTe ex- 
pression Gonioimigness itself. For though it is Jifficolt to 
show that attention iB only one of the powers of Con- 
i, and that Consciousness is not always, in our 
1 acceptation, attention — because it ia certain that 
ConacioUBneBS is never exercised as a faculty or perceptive 
power without attention being simnltaneously and co- 
extensively exercised upon the same subject on which the 
ConBciouaneaa ia engaged^we have no means of showing 
how far ConHcioosness and attention are identical with 
and how far they differ from eaoh other. We might, for 
example, say that attention does not think, it merely per- 
ceives. But then we might say the same thing of Conscious- 
neSB — it merely perceives, hut does not think : but this 
is just another of thoRe plausibilities which, like the 
Epicurean proposition as to matter and touch, has more 
the aspect of ohviouBucss in it than the qualities of 
intrinsic truth ; for Consciousness perceives thought, and 
attention perceiveB thought, and these alone, if thoy ba 
one and the same — unitedly if they be twain— form the 
only means by which we do perceive thought. The 
difficulty hence is to conceive that the only power by 
which wo perceive thought is not our thinking power. 
Wo know of no other thinking power wo possess but that 
power by which wo perceive thought. The touch, the 
taste, the smell, sight, or hearing, cannot think, neither 
can they even perceive thought. Nay, the brain itself 
cannot think, though it may receive impression and 
motion under the operation of thinking. All these 
faculties poBsesB merely the power of mechanical, and 
some of them also, in a limited degree, of chemical action; 
and wo know of no other power we possess to which the 
metaphysical energy of thinking can bo ascribed — that 
Kiwsr of reading the records and impressions of the brain 
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and eenscs, and of Btimulnting and controlling their action — 
than the Consciousness and (or 9) Attention. But it must 
be obvious that the word attention is not commonly used 
with the full and comprebenBive meaning which these 
facta ascribe to it, and indeed show to be inherent in it; 
and that though the word Consciousness is, after all, 
nothing more than attention, and attention nothing lera 
than Consciousness, when intrinsic analysis and definition 
are attempted, the expression Consciousiiess, in common 
and conventional acceptation, carries more of the meaning 
we seek to convey than the word Attention would do. 

The power of memory is perhaps one of the most 
difBcuIt mental qualities under the control of our Con- 
soiousoess for the metaphysician to comprehend. Memory 
may be said to bo the stoie of all our education and ex- 
perience, but how or where is it preserved, and in what 
manner does it write down tho records of life, so that the 
garnilonB octogenarian, dead to the present, and incapable 
of identifying tho most familiar features of friendship 
and kindred around him, wanders back with a vivid 
delight to tho long-departed and forgotten regions of the 
paat, and blends in his narmtivc old ago — the reality of 
his second childhood — with the phantoms of the first? 
Does the ConsciousaeBs treasui-e recollections by some 
abstract metaphysical power, which at last so peoples it 
with visions that the view of reality is excluded by the 
thickly -crowded strata of memory's spectral years ? Or 
does some dusty volume of the physical corebTum. long 
crowded over and hidden beneath the cares of life, reopen 
its parchment pages when the over-tension has been at 
length snapt, and the superincumbent pressure removed ? 
And if so, in what hieroglyphic caligraphy ore its pages 
penned, that they are thus enabled so intensely to fiit in mimic 
life before us ? It is a strange region of Natural Magic, 
that wild jumble of the living and the dead ; and jei it is 



from tho nearer margin of tbia Gamo phantom -peopled 
region that we Imvo to take the quickening elements for 
hourly thought and daily action — the elements of all that 
epeonlfttion, fancy, or purpoas would achieve. Is it then 
physical, or partially physical, or wholly metaphysical 
in its character ? Are the senses, or the brain, or any 
portion of the physical organizfttioa impressed with the 
images or tiie facts to which memory enables the Con- 
sciousness to recur ? If the senses were so impi'ossed, it 
is difficult to conceive that these permanent impreBsions 
upon them woulil not impede their further action and 
obHtruct their power to receive the ever-new and succeed- 
ing impressions to which we find them open. If the 
hrain were permantly impressed, it is eijuaDy difficult to 
understand how the thought, or memory, should continue 
to be, as we find it, a volition, and how it could avoid 
becoming a fixity and a necessity as the region of the 
past But the images of memory do not poBsoss tho 
character of retained or perpetuated physical impressions ; 
they are too deficient in the exactness of their printing, too 
wanting in the uniformity of stereotype in their repro- 
duction by the Conaoiousness for that. They do not 
always read the same way, and the aspect of a recollected 
image or event ia never quite or exactly the same. It has 
a coujured-up and shadowy asi>ect, which is tremulous, 
shifting, and imeertain in tho light of thought, so that 
even tho spectra of a dream are more vivid and distinct 
than the imagery of a recollection. And from this we 
are led to infer that, as the figures seen in a dream are not 
real impressions on tho eye, but fictions which simnlatc 
reality, so in a much less degree are recollections the 
results of retained and permanent physical impresBious. 
otherwise their imagery would be at least as distinct, if 
not more vivid than the fictitious visions of sleep. 
Everythiiig rather tends to show that the Cor 
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as a metaphysical essence of reality, is capable of being 
permanently impressed by its perceptions, just as, in dis- 
tinguishing between instinct and reason, we have shown 
that it is capable cf being educated to the use of the 
physical faculties. 

Note. — From what is remarked subsequently at p. 42 in the next 
Chapter, it will be still more apparent that when images are physi- 
cally impressed they present a different appearance and excite very 
different sensations. 
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phyeieal media o/Oie Contci'ousncai — Tlie ev'ideitce of 
the leasee of timch and iaite — lit impariialitii — lU posUiveiiai — 
Evidence o/ the eya and ear comparative a,«d Tdative—Ca- 
opendiou 0/ Oie senia wUlwul a)liatioa—Di*tinclivt perceglimm 
or iiapreulona 0/ the leiuet — The oirrent 0/ ideal — Mow strmu- 
laled — It» importaaee — Oar rd-xtiee pertxptioa of hatdaa*, siie, 
weight, colour, pitch a/ lound, £e,—Our politico perc^ion of 
forta — Slaadarda of comparium—Size difereallg teen bg differmi 
indimduali — Ersct vliion and the invenirm of imagei on the 
Teti«a~Neither the true ike nor Uue poiiUan of olgecli praenled 
toiabii the eye — Acairacy of the rye— III lu^erlorily over pliolo- 
graphi/—A defect of pholngraplu/Soic caaied— Farther re- 
marki uit comparison — Hirrors and mode of vision. 

With regard to tho applicatiuu of ConscioitsaGss to the 
faculties in their structure and operotion, it will be 
apparent, after what has been already said, that it is our 
ConBciousneaa which posBcSBes all the powers of feeling, 
seeing, hearing, taetiDg, and smelling ; that the touch, 
organs of taste and smell, eye and ear, are only the places 
where and meehanical channels or physical media by 
which it perceives these sensations - and that it possesses, 
in addition to these powers of perception, sensibilities 
which no physical matter, howcTcr applied or organized, is, 
or by any known law of nature can be, indued with, as an 
inherent and material attribute of, or coexiBting identity 
with, fliatter. 

Let us now consider the structure and action of tho 

physical senses themselves, for wo must still call them by 

lat name though etiictly they are only physical channels 
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of Conaciouaneaa, and ore not eensea in any moaning ty 
wliich seme or physical conscioiianess of the impressions 
npon them is implied. Now a little attention to the 
distinctivB peculiarities of tho five senses will make us 
aware that, instead of any ground having ever existed for 
Berkeley's theory of the non-demonstrahility of matter, the 
experience of the various senses ia bo distinguished and 
arranged as to give us every kind of evidence ueceBSaxy to 
demonstrate the existence and all the externally ohvious 
and immediately appreciable peculiarities of matter. 
Thus touch is necessary and able to perceive the actuality 
of matter as well as whether it be soft or hard, and what 
is its general temperaturo as compared with that of the 
sense of touch itself— whether or not it be warmer or 
colder than the aenae of touch. Taste ia able also to 
perceive the actuality of matter, for it, too, is touch, though 
of a different kind ; and the Consciousnesa haa thus the 
testimony of two distinct and separate witneaeea for the 
actuality of matter, and two witnesses between which 
there can be no collusion ; for they cannot, even if they 
would, give the same testimony. Their evidence is 
distinct, separate, and dilTerent in character, and its only 
point of agreement ia, not one of identity, but of cnrrohora- 
tion. Taste cannot give the evidence of touch, nor touch 
the evidence of taste; but Consciousnesa ia equally im- 
pressed with them both. Taste discovers to our Con- 
sciousneaa, not merely by actual contact like touch, that 
matter ia and has temperature, but also whether it has 
certain immediately excitable chemical actions, or chemical 
qualities, in addition to those which touch is capable of 
perceiving. It is, in fact, a more sensitively endowed and 
discriminating kind of touch, and osactly that more' acute 
and skilful sort of witness we should wish to test a 
matter of fact further for us, after an ordinary witness, 
on whom we commonly relied, had first reported and 
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1 of its eiiatence. These two witnesses therefore, 
Touch aacl Taste, give evidence to us, by actual contact in 
vrhich our Consciousness partakes, of oxtemiil matter, its 
actuality and cartsin of its qnalitics ; and, of these, its 
temperature more especially. Their perception of this 
last quality being corrohorative evidence, but distinctive 
while it is so ; for what is warm, to the touch may be, 
and at ordinary temperatures generally is, cold, or not so 
warm to the taeto — the taste being warmer than the touch, 
as we find by applying the hand to the tongue : so that 
an object which the hand would not melt, or warm by 
contact with it, the tongue may ; and thus these two senses 
confirm each other even while they differ, and may be 
called the positive senses, while the eye and the ear are 
only capable of being ranked as abstract senses, whoso 
function is not to prove the reality of matter, but, after its 
reality has been proved by these two other senses, to aid 
in revealing its comparative relation to other material 
objects and its points of difierence and distinctive iden- 
tity. Thus neither the eye nor the ear conies into actual 
contact vvith objects. The eye perceives only the form 
and character of surface, and the relative size, position and 
colour of objects; and all of these hut colour the sense of 
touch can ordinarily corroborate and confirm, or rather 
positively ascertain for us without the eye, where objecte 
are rvithin reach ; so that colour may be said to be all 
that the eye distinctively perceives of objects more than 
the touch. But while the eye perceives many qualities 
of objects in common with touch, and only colour distinc- 
tively and by itself, the ear perceives hearing or sound 
by itself esclusively, hut does not jierceive anything in 
common with the other faculties. Yet even in this dis- 
tinctiveness the ear is not so entirely separated from the 
corroboration of the other faculties as the eye is in its 
Rcoptioa of colour ; for while no othei faculty but the 



40 BEraa AND FACDI.riES OF MAN. 

eye can perceive colour or can, iiiidircctcd by tho eye, ba 
conacionsly employed in producing it, tho aotitm of the 
toaoh can produce sound, and tho eye may guide the 
aotioE of the tcuch in its production. So that the hearing 
may be fully corroborated by the action of tho touch 
under or without the guidnnce of the eye; while the 
perception of colour caa bo corroborated by no separate 
Benae, but rests on tho testimony of the eye alone. Under 
the expression colour it will be readily understood that 
light in all its varieties of white, blue, yellow, red, and 
intermediate tints is comprehended. DarkneES the eye 
can hardly be said to perceive, since blind men are conscious 
of that without eyes : darknesa to man being, in strict 
X>arlancc, absence of optical sensation or impression. 

But it is in the gensations of pleasure and pain that all 
the faculties are distinctive in tho highest dogreo and 
most widely Beparatod in their experience and tho charac- 
ter of their perceptions from each other. On a common 
or average level of ordinary experiences they coincide 
with and corroborate each other in many particulars, but 
away from that they each and aJl widely differ, though 
their difference is not of the nature of contradiction or 
disagreement. The sensations of pleasure or pain are in 
no two senses the same, or even similar, except in the one 
1 quality of being liked or disliked by our Con- 
A painful object to the eye has no analogy 
to what is painful or disagreeable to the touch, taste, 
smell, or hearing ; and a plcar.iint landscape is equally 
inapprociablo by the hand, tongue, nose, or ear. Its reaUty 
wo may prove by testing some of its details with tho 
other senses, hut its beauty, and the pleasure its beauty 
gives, we can recognise and enjoy only by one. " The eye," 
but tho eye only, " lovoth light." The other senses 
perceive it not. And so the oar, but the ear only, appre- 
ciates the pleasures of sound or music : tho smell otHj 
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appteciateB tlie pleasures of fragrance : the touch, or 
ConsciouBnesB in it, only the pleasui'es of warmth or cool- 
ness : and the taste, only tbo pleasureB of aweetuesB, 
pungency, &c. 

All these rest on the bare tostimDny of each respective 
sense so completely that, though we may test by the 
other senses to some degree how these sensationB arise, 
wo cannot so prove them as to show that they are necessory 
consequences of the causes from which they spring, or 
indeed that tiey are consequencos at all, save to the re- 
spective senses which alone perceive them to bo so. But 
though thus resting only on the single testimony of each 
respective sense, these impressions of pleasure or pain 
so powerfully impress *ho Consciousness as to bring it 
vividly into positive contact with them, and therefore 
enable it, without other evidence, to judge in the most 
positive manner for itself. Such strong impressions may 
be Baid to compel the conviction of our ConsciousnesB 
by their self-demonstrative power. And whilo ordinarily 
our Consciousness controls oui faculties, hero the strength 
of the impression in the faculty controls for the moment 
and commands the full recognition of the Consciousness, 
just as in cases of sudden start or alarm. Eesid^, such 
impressions are so allied to the ordinary, but neither 
pleasurable nor painful impressions of the some faculties, 
that they are all capable of proof by relation or analogy. 
There are many instances, however, in which the Conscious- 
uesB is semi-dormant, or so passive as to be controlled 
by the faculties. The current of ideas and impressions 
continnally passing through the mind and senses when we 
are quietly led by, rather than directing the powers 
of thought, is to a largo degree, if not altogether, 
occasioned by the continuous progress of time and change, 
and the external actions and influences of reality around us ; 
and the continual succession of impressions occasioned in 
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oiirsenB6§ by these iscompounded no doubt with previously- 
formod mental associations, and a strong instinctive and 
perfectlj untnral tendency to view and study all thinga 
with some reference more or less to OTirselves ; just as 1^ 
our eye we so readily measare every sudden appearance with 
reference to our personal safety, and always protectively 
assume danger where there is no time to judge. That this 
tendency teaches iis beneficially to know, and keeps uH in 
a lively present Coneciousness of our dependence mpOD, 
our connection with, and oar obligations to events, can 
hardly be doubted ; and therefore the fact that the Eoo 
dominates very much throughout these currents of thought 
is not so reprehensible as we might blusfaingly bo inclined 
to admit were our day-dreams opeft to the contemplation 
of other eyes. While therefore the illusions sometimes pro- 
duced upon the senses — such as Sir Walter Scott describee 
in his '' Demonology and Witchcraft " (Letter I., the " case 
of an eminent Scottish lawyer, deceased "), and that re- 
ferred to by Sir David Brewster in the present Work 
(Letter III., " Spectral illusions, recent and interesting 
case of Mrs. A.," and which Sir David has admirably 
explained by the impressibility of the retina mth perma- 
nent images by overstraining, as exemplified in the case 
of Si? Isaac Newton and the phantasm of the sun. Letter 
II.)— may be nothing more than the over-intensifying 
of a power natural to the whole senses as much as to tho 
eye, the phenomena they have described and referred to 
are scarcely so wondorfnl as tho fact that most of onr 
ordinary himian life is passed in a state of fiction, or 
romance, in connoction with the current of our ideas 
and our day-di'eamg, while the proportion of our existence 
which is real and passed in contact with actual events and 
facts is a mere fragment of our history in conipnrison. 
That tho imaginings of the, current of ideas, ond the 
pictures they present to us, do not iuteusiiy i 
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selves more strongly, and render themselyes more per- 
manent impressione of the eenfies, is due not eo nmcli 
to the wiiat of power in the faculties bo to record them, 
otherwise they never would exist at all, »s to the aotiTity 
of the mind, the rapidity of the current of thought, and 
its continual change as well as the contiimity of external 
motion around us, by which the Gonsoioueness is being 
contiaually attracted, influenced, and supplied with new 
elements and impulses of thought ; for it is a singular fact 
that sudden and absolute silence has been known to stop the 
whole train of ideas, and produce an almost total suspension 
for the moment of the power to think — a fact duo 
doubtless to the circumstance that we are less acouitomed 
to absolute want of sound than to absolute darkness or 
want of light, and that the continual operation of noises 
on the ear has a suggestiTe and stimulating infiuenco on 
the current of ideas, the total absence of which we are 
not accustomed to, and cannot all at once dispense with. 
Our mental activity, therefore, may be said to have the 
continual custom established, in connection with ita 
normal action, of being influenced and impelled to day- 
dreaming and picture-making by the most trivial and 
indirect as well as by the faintest snggestions ; so that 
it is not at all surprising superstitious minds imdor 
cloud of night, and under all the disadrantages of im- 
perfect vision, should create spectral appearances out of 
the most unlikely objects, and indulge in mental exaggera- 
tions of the most improbable appearances ; for superstition 
disarms the judgment just as much as darkness disaj^ns 
the eye ; but neither prevents the current of ideas, nor 
stops, but rather stimulates the suggestive powers to create 
not more unreal, hiil mJff more alarming inages mth Teference 
to ourtelces under the contctousnees that we are not eo fuUy 
protected a» in vrdinary light. 

But the nncertainty of the senses is further very mnclt 
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iacreosiid under such circumstances by our being deprived 
of tbu immediate power of compariBou, for comparisou is 
one of tbe most important and indiEpcnsable means of 
accniacj our nature is possessed of. Indeed, bo important 
is it tbat wo can bardly be said to know anything positively, 
but only comparatively ; and that eveu what things we do 
know positively have all their most important attributea 
and qualities bo dependent on our power to compare aud 
distinguish by difference tiiat these c^ualitieg can only be 
accurately ascertained by us through the medium of 
comparison. Thus hardness, size, colour, weight, distance, 
HweetnesB, acidity, acridity, flavour, temperature, tough- 
nesa, pitch of sound, elasticity, are all comparative 
qualities of matter only, and not positive qualitiea ; bo that 
without means of comparison at command we can never 
ascertain to what degi'ce or extent these q^ualitica are 
present in matter. Mathematical forma, however, are 
positive and absolute. Circular, sqitere, triangular, or 
other forms of surface are not relative to other forms or 
bodies, or liable to be affected by comparison ; but beyond 
knowing that an object is, and that it has a particular 
form, we cannot be said, without calling in the aid ot 
comparison, and the m<mns by which comparison is 
achieved, to know anything about it. 

Our moat common standard of comparison is generally 
some quality or seuBo which we carry about with our- 
selves, unless where men arc engaged in some occupation 
which i-equirea tbe babitnal use of a fixed measure, weight, 
or other standard on which they acquire the custom ot 
conventionally relying. For example, hardness is 
aacribed usually to anything not impressible by our sense 
of touch, and in such a case the strength of our touch ia 
mode the standard of hardness ; but were we to go to 
the Mint and see a sheet of gold rolled out and then 
pnncbed into soveroigua, or rhodium our hardest, or iridium 
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our heaviest known raet«l, stmck into medalliona by 
meanfi of a powerful lever and die, we would conolnde 
that if a pair of human fingers were as strong tind as hai'd 
as such a lovor and its die, we would cease to call these 
metalfl hard to suet hands. But we cannot make the 
strength or hardness of our hands an absolute ot a general 
Btandord, for no two pairs of hands are exactly alike in 
strength. Therefore wo must for general purposes resort 
to some conveDtional and generally agreed on standard. 
If we take metal, the standard will be very little more 
reliable than the human hand, for no single metal we may 
adopt can be found of uniform purity aud hardness every- 
where, even with the some tempering and under the same 
tomperatuie ; so that a fixed standard of hardness is per- 
haps one of the most difficult of all conventional standards 
to establish. And after all it would, when fixed, only enable 
us to say that bodies to which it was applied were so 
much harder of softer than it, but not that they had an 
abstract and positive hardness, independent of comparison ; 
for to some bodies they would still bo relatively soft, 
and to others relatively hard. 

In like manner size is perhaps not seen exactly alike 
by any two pairs of human eyes, for eyes differ just as 
much as faces, and that in many particulars too minute 
to be mentioned here. The retina of a large eye 
must portray a larger imago of objects than the retina of 
a small eye. For the accuracy of tho eyo does not depend 
on its Boeing objects as they really are in point of dimon- 
aione, but only on its seeing them as they appear to be in 
comjiarisoa with each other : so that a small bird whose 
eyo is no larger than a cabbage seed sees the relative sizes 
of objects to each other, and to any part of its own 
body under its range of vision, as accurately as an ox 
whose eye- is more than twice tho diameter of n man's; and 
yet the details in the image of a landscape of thirty miles in 
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extent portrayed on tho retina of tho bird could not be 
(liBtinotly trftced by na witliout the aid of the most power- 
ful microscope, though all distinctly eecn by tho bird 
itself without any such aid; and tha same imago on the 
retina of the ox, though many thousand times larger tian 
that presented to tho conficiouBnesB of the bird, oould not 
bo traced by us in many of its most prominent dotnilB with- 
out having again recourao to optical science. On the retina 
of the oye of the bird, a railway train pasaing over twenty 
miles of diBtanoo in the remote horizon of euch a land- 
scape will not describe a line longer than the breadth of a 
hair, and yet it will be as distinctly and as accurately seen by 
a bird as by a man, because the relative sizea and distances 
of all the ohjoots seen will be maintained, though their 
true dimensions are not given by the eye either of the 
man or the bird. But this questioa will be more fully 
understood by referring also to the subject of erect vision 
as it in called, or why, notwithstanding the fact that aU 




images are inverted on the retina, we nevertheless see 
them in their proper and erect position. Thus an arrow 
placed with the point upwards before tho oye, ABO, 
would, as shown in the above figure, bo inverted on the 
retina at c 6 a, or portrayed with the point dovmward, 
because the rays m n o, and indeed all the rays proceed- 
ing from the arrow between the extremities of it, A C, and 
proceeding to the convex surface of the eye, x y, would 
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cross each other, as delineated in the figure, both before 
and after passing into the eye. 

Yet we are not conscious tbut the image ia inverted, but 
see it as if it were erect, and the reason for this is that we 
see the position and direction of objoctB only relatively to 
what we see of our own bodies ; and us our bodies, and all 
portions of our own bodies seen by us, have their images 
inverted on the retina as well as the images of other 
objects, the relative appearance and position of our own 
todies is in the image maintained by this inversion to the 
relative appearance and position ef other objects, so that 
when wo move our hand from one place to another, as 
from the point to the feather of the arrow in the figure, 
our hand would undoubtedly move downward, but its 
inverted image on the retina would move upward ; so that 
the hand would not in consequence afford us any means 
by such a motion of discovering that the image was 
inverted. In fact, every object external to the surface of 
the eye, as must be apparent from a study of the 
figure, is inverted, so that if the edge of the npper eyelid 
were seen at a:, its image would be presented along 
the lower side of the retina at a, and hence we have no 
standard external to the eye itself by which wo can detect 
inversion as a matter of experience ; for every conceivable 
standard external to the eye could only be presented to 
our vision by means of its inverted image in the eye, and 
hence before it could become visible to us it wonld have 
suffered inversion itself as much as any object whoso 
inversion we meant to test by it. The explanation thus 
pvea of the inversion of images, and our inability to 
detect their inversion in our experience, is capable of being 
proved even to strict mathematical demonstration. It 
will thne be found on reflection, that neither the true sizes 
nor the true positions of objects ai'o presented to us by the 
eje, bnt only their relative sizes and their relative po«itiouB. 
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Butaa the relative poeitionB and relative sizeB of our hands, 
feet, or any portions we Bee of our own bodiea, are correctly 
given along with the sizes and positionB of other objects, 
we are not conBcioua of any inconvenience from this fact. 
Another peculiarity of the eye, which Las given a. good 
deal of perplexity and diecUBsion to philosophers, is what 
eome have called the " outness " of Tiaioa, or that power of 
sight by which we perceive solidnesa in objects and per- 
spective in space. Some have endeavoured to maintain 
that the retina was so conetmcted as to allow images to 
penetrate its surfaco to some extent, and therefore show 
one part of an object a little further back than another. 
Bnt this esplanation is abaurd; for a common mirror or 
polished metallic surface gives the perspective of images 
portrayed or reflected on it as con'ectly as the retina of 
the eye does, and more correctly than is yot done by 
photography, for a reason which will presently be ex- 
plained. And tlio true solution of the difGculty as to 
what is called outness of viBion is really that images are 
just Bfl correctly portrayed on the retina of the eye bh 
they are on any ordinary mirroring surface, and that it is 
not the retina that perceives the perspective so given, but 
our Consciousness in contact with the surfaco of the retina, 
BB already mentioned. But as has just been aaid, a 
common mirror, and the retina of the eye as well, will 
give the images and the perspectivo of objects more 
correctly than the photographic process yet does ; and 
the reason for this fact is that in photography a certain 
tuuount of distortion and contraction takes placo from the 
circumference to the centre of the image in conBcquence 
of the sensitized ])late of the photographer being not a 
concave mirror, like the retina, but a flat surface. This 
will be in part, but not wholly understood, by re- 
ferring again to the Hgnrc, p. 46, ante, and observing 
irhat would be the effect if the retina, ineteod of being 
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COnoftTe, as there shown, wcro represented by a Etnught 
line from c to a. The resttlt would evidently be tbat the 
image of the arrow upon it would be shortened by the 
difference between the arc of a circle and the chord of the 
arc. This arrangement of the eye, aa compared with that 
of the photographer — who is aeceesarily, for printing, repro- 
duciug, framing, &c., confined to the nse of a flat eurface — 
ia of great importance when it is remembered that Tisible 
space is a concave spherical area of which the spectator's 
point of obBervation forms the centre, and that the concave 
retina is obviouely an optical adaptation of the eye to this 
natural fact for reproducing concavely to the beholder all 
that part of this concave space which admits of beiug 
simultftuoonsly comprehended within the limits of correct 
vision, and for which no flat surface interposed instead of 
the retina could form an effective substitute, or one by which 
the oonsciousnese could he so con-octly brongh* in contact 
with the faculty. The difforonce between the accuracy of 
an ordinary mirror (omitting horizontal inversion) and a 
photograph is that, as a spectator advances to or recedes 
from the mirror, not only do the rays from the entire area 
imaged converge at different angles to him and in varying 
(increasing or diminishing) relative distance from each 
other, but they also proceed from ditferent parts of the 
mirror's surface at each change of distance — all but the 
one ray in the line of which the observer is moving. A 
photograph, from the fixity of its parts, can thus obviously 
be correct only at one point of distance from it as com- 
pared with a mirror, even assuming it to he absolutely 
correct thei'e. Indeed, in contemplating both photographB 
and pictures, the eye by long habit acquires almost 
insensibly a new power of adjusting itself, hat only to 
a certain extent, so as to enable it to see these objects 
in relief, such as the stereoscope gives more fiiUy, which 
1 its most important merits to an adjusted and fixed 
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point of view. Until this power is acquired all piotni'es 
appear perfectly flat eurfaces, while mirrored intagee 
never do ao. But the above will show how very aecurato 
and perfect the eye is, even with all its peculiarities, 
none of which affects its efQciency or impairs its perfect 
fidelity and truBtworthinesB, under real and ordinary 
circametances, even though in addition to all these 
singularities of structure and effect we have no fixed 
and absolute standard of measurement, lineal, superficial, 
or solid, to apply or trust to, and are compelled to resort 
to and adopt conventional ones, such as lineal and square 
and cubic inches, feet, and yards, &c., or to the relative 
size of our own hands, or other members, in reference to 
other objects where these conventional standards are 
wanting ; the last being a very defective Etandurd indeed, 
and utterly unsuitable for conventional purposes, on 
account of the great diflerenccs in the size of human 
hands : bo that we may conceive how much inconvenienoe 
and uncertainty the ancients were under if they relied on 
the natural cubit, consisting of the forearm and extended 
hand, until they had reduced it to an average or fixed 
limit which excluded variation. With regard to weight, 
again, wo are in exactly the same difficiilty as wc have 
just observed with regard to measure. We have no 
positive and abstract standard of the weight of bodies. 
Their weight is matter of comparison only, and relative 
ti- themselves infer ee or to us. What feels heavy to us is 
the primary standard, but is incapable of being made a 
conventional one, from the difference between each man's 
strength and that of his neighbour. And here, again, for 
general purposes we are compelled to adopt a conventional 
standard on which all are agreed, such as ouneee, pounds, 
or the cubic foot of water as unity, &c. ; and even these do 
', for every kind of 



not afford us a uniformly fised a^ 
weight vftrieB according to its a 
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the earth's centre, and the surface of the eai'th is not at u 
uniform distance from its centre ; so that slight fractional 
TariationB take phico with every trifling change of locality ; 
and the yard measnre, in the same way, varies from the 
standard yard to a fractional degree more or Ioes whenever 
it ia in a temperature difiorent from that agreed upon for the 
standard yard ; for all hodiea contract and expand under tlie 
influence of temperature, and temperature itaeK is equally 
defective in its certainty ond eijually dependent on an 
arranged and conventional standard, such as the various 
thermometers — Fahrenheit's, Centigrade, Wedgivood'e, &o. 
The same thing ia equally true of all the other obvious 
qualitiea of bodies, as a little reflection will make 
abimdantly plain. Diversity of colour, for example, is 
found to lie relative and Bubjeetive to the effect of thoas 
complementary colours on each other which when com- 
bined make white light ; for a faint white light appears 
green near an intense red light, and blue near au intense 
yellow light, &c., BO that all the qualities of bo3iea are 
relative; form, as we have said, being alone escepted. A 
square is a square, a triangle a ti'iangle, and a circle a 
circle, &e., whatever he their size ; for form is not 
dependent upon size, but on proportion of parts ; and this 
is the only peculiarity or characteristic of bodies which 
the eye or the touch in their normal health can make us 
absolutely certain of without calling in the aid of com- 
pariBon. 

Bishop Berkeley, in his Work on the Eye, tcUs us that 
the situation of an object is determined only with respect 
to the objects of the same sense ; in other words, the 
touch perceives the position of an object with reference 
only to other objects touched, and tho eyo perceives the 
position of an object seen only with reference to the 
position of other objects seen ; and this is strictly correct 
when applied to the question of erect vision, and within 
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the limits in which, the Bishop employs the remark. But 
whea it is used as an argument against the possibility of 
any comparison between the impressions of vision and 
the impressions of touch, &g., it instantly ceases to be 
true, for Berkeley has wholly overlooked the fact that it 
is not the physical faculty, but the Consciousness, that 
perceives tho impressions of touch and vision, and that 
the ConscioiiBness is capable of comparing all its im- 
pressions and of testing imd verifying them by all tho 
processes of reasoning and all the aids of science ; so that 
it comes at last, as the result of perfectly correct mental 
investigation, to perceive that images are inverted in the 
eye, and yet not inverted to the touch, and that a thing 
may thus be logically and consistently true in aU its par- 
ticulars which is not apparent to the physical perception 
or immediate experience, The Consciousness can also 
test and convince us of the fact, that an object which the 
hand touches is tho same object which the eye sees, and 
that the points of correspondence between them are not 
merely few and limited, like a set of coincidences, hut 
are universal in all particulars, and without a single ex- 
ception. This species of correspondence the Oonscionsness 
rightly perceives can amount to nothing short of identity, 
for nothing but identity is capable of it. 

The Bishop also holds that the perception of distance 
is an acquired, and not an immediate perception of the 
eye. Bat in this particular ho has also overlooked ths 
Jttct that the CoiisciouBness is the real perceptive power. 
If he had only considered the feet that a common mirror 
in reflecting objects shows distance and perspective coF' 
rectly, and that the retina is just such a mirror, and 
possesses tho same rodecting qualities and powers, which 
aro fised and uniform in their action under unalterable 
optical laws, and that the retina's impressions therefore 
do not and cannot improve or alter by the effect of edu 
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tion or experience— that it acquires no new or improved 
mode of mirrotiiig by use — he could not have Mleii into 
this error. He might have been coii'ect had. it been true 
that the objects pieecntcd bj a mirror aro eocn on the flat 
sur&co of tho mirror, for then a mirrored imago would 
have been a flat picture; but we do not see reflected 
images pn the surface of the mirror by which they aro 
reflected ; for the eye, or the Coneciouaness as oui: per- 
ceptive power, has no physical contact whatever with that 
Bur&ee, We perceive them only by the incident rays 
which are reflected or thrown off from the flat surface of 
the mirror after being intercepted by it. We perceive 
them, in fact, just as if there had been no mirror whatever, 
but merely aa if the direction of the original rays 
proceeding from the objects Utcmaelvea had been changed ; 
for a mirror does not serve tho purpose of flattening and 
localising a picture of the objects it is said to represent ; 
it merely alters the direction of the rays from the objoetB 
themsolvoa. ind tho question comes to he one of the 
very greatest dif&cnlty whether we perceive tho im^es 
on the retina in any other way — whether tho Conseioua- 
ncBS is in actual contact with the concave snrfaco of tho 
retina, or whether the rays of light aro reflected from 
that concave surface to the Conaeionsnoss seated to receive 
them elsewhere. To solve such a question, it must he 
admitted, is no ordinary labour of thought. We shall 
endeavour to approach it by divesting it of its inessen- 
tialities — of those associated circumstoucea which are not 
elements of tho question. The first of those is the point 
whether the Consciousness is seated in tho retina or seated 
elsewhere. Now it matters not whether it is or is not 
seated elsewhere, for there can be no doubt, wherever it is 
situated, that the imaging rays aro the means by which it 
perceives the appearances of objects. It is not the r6tina 
^^licli CunsciouBsees poroeives, but the imaging Light, for 
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thcBe, and not tho retina, convej the images. All tlint tho 
retina can do as a mirror is merely to intercept and cliango 
the direction of these rajs, and it matters nothing, thero' 
foie, whether the Coosciousness receivca theso raj's at the 
surface of the retina or intercepta tbom elsewhere^ftese 
rai/a are wliat it receteee. Berkeley hua Eoid that we 
do not see by geometrical lines, and that oni idea of 
distance crumot be derived &om the angularity of theso 
lines, and he haB been pleased to treat this proposition 
with some little ridicule. But that wo do not see by 
geometrical lines is a gtatcmont eaeier to make than to 
establish. If, as has been just shown, the ConsciousneSB 
perceives all objects by means of rays proceeding from 
them, and impinged upon it at the surface of the retina 
or elsewbere, it is perfectly certain that these rays pri>- 
cood from the objects in geometrical lines, and that the 
angularity of these lines and the consoquent presentation 
of the images is affected both by the fact of relative size 
and the fact of relative disinnce. It may be a question 
whether the Consciousness in contact with these rays is 
extended as a mere surface to receive them at their point 
of impact, or has depth as well as suriuco through which 
the rays angularly penetrate and so aid it in perceiving 
geometrically : but this question is beyond investigation. 
What is much moi'o relevant and ccrtaia is that the edu- 
cated eye does perceive geometi'ical relation in the posi- 
tion of objects, and that it does so not because the eye, 
as the effect of education, has acquired any now or improved 
mode of receiving images or radiation, but merely because 
the Consciousness has become more capable of appreciating 
the images received. It must be borne in mind that 
vision is accomplished from fii'st to last in human beings 
only in one way, namol'. by radiation impinging oa our 
Coniciousness witli the vJ.ocity of light, and therefore in 
B continuous Btream of luminous motion affecting our Con- 
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§oiniiancE3, and not by the Gontomplation of & fixed picture 
ia a state of rest. The only fisod appearance involved in 
the esereiee of vision is the real object itself from whicSi 
the radiation continuously proceeds, and that we do not 
Bee, but only its radiated image ; bo that to human optics 
ihe gource of sight is not even the object seen, but the original 
injluejifs of light, which, falling upon objects, and picking 
up their images by the way, carries those images as an 
incidence to our Conscionsness ; for the incident rays of 
optical Bcience, after all, are not those rays which, reflected 
from an imaging surface, form what wo would otherwise 
call reflected rays, hut those raya of light which, falling 
on such objects in their course, make the limits and 
peculiarities of these objects their first mirror or imaging 
surface, and from mirrors purely so called ptc^ up nothing, 
but merely suffer additional or further and renewed 
deflection, and bear with them thence, and still un- 
impaired, the first imago they hove acquired in their 
progress from originally pure light. This ie probably 
not the mode in which a disengaged Consciousness, freed 
from the eye and its optical arrangements, and in actual 
contact with objects, would perceive them — not the way 
in which a spirit, or in which God perceives objects. It 
is, in fact, a limited mode of perception — perfectly accurate 
in all likelihood within its limits, but only showing us 
how objects appear under applied and special light, not 
bow they appear in their own reality independent of 
light, or to the vision of Him to whom the light and 
the darknesa are both alike. How absolutely imperative 
tiierefore does it become for us in presence of such a fact 
to subordinate our rash judgments to the wisdom of Him 
who is perfect in knowledge, and who judgeth not after 
the seeing of the Eye, but judgeth righteous judgment t 
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CHAPTEE IV. 

The limiled ratu;^ 0/ oiir poiitive or abioltite kncniiUdga of exterwiX 
ittaUer — Hovi muf/i our hnoal^^ it merely romparalive — Eott 
nectnarg, Iherffan, that ice Aould teri eveTyOting vihere we oao — 
Differmtm in lie taode in ■aliioh truth and faltehood demand our 
eredeaee—Spiritualiim and iU B^hiieet—It» profanation of ti« 
dead^TaUe-itirnini/ — Faraday'a ezpoiure of it— Simpie applica- 
tion of hit indioator for ttfl deiadioa of unaniKioia ialeral 
preuure and of eonfaderacii — Jfesjnerfun — Ju more prepotlBroiu 
frdeRsvont abaied — Our tendeacy to vtgUd Ota true hnmcledge of 
vihat is familiar — Our ignorance of tchi/ or how our haadi 
iiittanlly obey our will—Contcionmeaa can coidrol and direct Oia 
aptralioni of matter— li it the fot» 6y idu'ol mofion it aceom- 
plithtd^ — Prohebility ttot it i$ riot — The vital fopcet and Ow 
forcet of motion diiUagtuihed — Me Uood the life, a myitery — 
Eleetrieiln ai a moUve force tn animali — ProbahilUy of He beiitg 
lh> only motive force— Straeiure of the muscles ami eletdrie oeb'oH 
on Ihem — Ampir^'a tJieory of electric eiarenti — Telegraphio and 
eledro-medianical nature of animal moiioa, 

Fbou wh&t has been explained in itie preceding chapters, 
it will now be apparent that there are but two abBolute 
qualities of mattei', that is, of bodies external to us, 
which arc positive and capable of instantaneous vorifics- 
tion by the senses, yiz., the reality of the matter itself, when 
within the reach of touch, and the form of matter pre- 
sented to the eye or the touch. How email a number of 
bodies this would mnke realizable to tiio blind man, how 
limited an amount of the qualities of those bodies it would 
present, even to the man who sees, must be very evident. 
How uoiTow therefore would be our knowledge if we 
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I tbeee eelf-eTidenciug qnalities of bodies 
only ; for of how few of them would touch and form giva 
a complete or aatiafaetory description. Yet this is the 
abaoluto boondary of mau'e positive knowledge as to 
matter. All the other qualities he knows of it are 
relative, the result of comparison and the peiceptioa of 
difiereace and distinctiTenoas. Had we but oue body only 
to handle or look at, of its form and reality we could at 
onco convince ouiaelvcB ; but its colour, if it have any, 
depends on the light under which it is seen or the colours 
by which it is Burronudod, and the faot whether it is 
qualified to reflect the primary, or only the complementary 
of the colour or light imder which it is seen. Its weight, 
its size, its temperature, &e., are all equally relative, and 
only capahlo of being negatively ascertained. It is not so 
heavy, so large, or so warm as this, or not so light, so 
small, or so cold as that object of comparison, is the whole 
amount of our knowledge in regard to these qualities j 
but what its ahsolute weight, size, or temperature is, wo 
cannot tell, for we do not know the absolato weight, size, 
or temperature of anything ; wo merely know that such 
qnalities do esist in things. 

It must hence be obvious that our knowledge of the 
relative qualities of bodies is much more comprehensive than 
our knowledge of their positive qualities, and that wherever 
we are deprived of the opportunity of applying those stand- 
ards of comparison to objects by which alone their relative 
qualities con he determined we arc helplessly thrown on 
mere trust and assumption for our knowledge, and com- 
pletely within the power of Natural Magic — or appearances 
instead of realities — and at the mercy of misconception or 
delusion instead of accui'acy. Indeed, so much of our 
knowledge lies within this region, guarded only by our 
power of reasoning fi'om analogy, which is a mere 
JBtelleetual extension of our moans of comparison and 
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relative examination, that we are in no instance justified 
in neglecting ot dispensing with, all the practical verifica- 
tion in our power. We are entitled to asennie nothing 
where we have the power to teat or verify, and neglect to 
do so. And as corroboration forms the great convincing 
power of the senses, when more than one of them are 
brought to bear njxin a subject, if the subject be what it 
appears — and the want of corroboration ia instantly mani- 
fested where it appears to he what it is not — no charlatan 
or pretender has a right to demand ow credence till he 
has fully satisfied eeeri/ right and requisite of true evidence, 
and every meant ofposa3)le eorrohoratton, which the demand 
upon us, if justifiable, ought to allow. No teacher of real or 
important truth will ever ask our credence on loss fair and 
fully satisfactory tenns; for teachers of truth are not 
aniiouB that it should stand on a weak, preearious, or 
inadequate basis ; their desire, atxive all things, is that it 
should be clear and convincing in itself, and as immacu- 
late in appearance as it is in reality. We may make 
perfectly certain therefore that whatever claims secrecy or 
the dark, or partial obscurity for any point or detail of ita 
manifestation, is stamjKd with deception or imposture. Of 
this class, Spiritoaliem or Spirit-rapping, together with all 
the Stances and their accessories, in which it darkly or 
dimly delights, is deeply and indelibly tainted by the 
very obscurity in which it is self-arrayed. Ita stain is 
inherent in ita associations. It dare not come forward 
and challenge full investigation in the open light ; and no 
pretended or even real diainterestedness in the operator 
can rescue it from the brand of imposture. Tmth does 
not 80 proclaim itself : it disdains the aid of the charlatan 
or the aspect of mystery. Its most glorious attribute ia 
that it is self-assertive, self-demonstrative, and that it 
claims in the modesty of its noble and immaealate integrity 
to be nothing but what it is. fiat when a rap professes -to 
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be a spirit, we are only led to the conclnsion that the 
operatorB in connectioa with this iinposture ate poasesBed 
with the ignorant idea thot the eonls of the departed have 
more soimd thim Benso, ore little improved by their advent 
into eternity, and have become only fit to be ontragconsly 
insulted before audiences as igaorout bb the insnltei, and 
not leaa profane. Nil niat bonus viortia seeme to be no part 
of the Spiritualist's motto. In his hands men of Bense 
and virtue are only liable to lose their characters after 
they have joined the array of the jnet made perfect, and 
have no voice of wisdom and propriety left among their 
unworthy relatives on earth to screen their memoiriea 
from being made an element of ridicule, misroproBentation, 
and swindling. The kind of evidence which is required 
to jufltify our belief in snch a case, is not that a spirit 
should reveal itself, but that those who assert it has to any 
extent done so should afi'ord ns every means, BO far as 
they are concerned, of making certain that there is no 
OoUusion. 

But there are other pretensions which have not claimed 
concealment or darkness as essential to their succesB. 
Of these, Table-turning and MeBmeriam are eitampleB. 
Tho former has gone down before the light it has invoked, 
and the latter has greatly receded from its fii-at assertions. 
Michaol Faraday showed that while continued muscular 
presswre might, from the strain and weariness of the effort, 
become imconseioua of lateral tendency, oven while 
actually exerting it in a very strong degree, a simple 
index could make ns conscious of the fact, and also enable 
US to detect confederacy : and thenceforward gyraceous and 
peripatetic tables ceased to move. Table-turning is at an 
end, and its history only affords one of those useful illastra- 
tions of misconceived phenomena which, when fairly placed 
under the light of general intelligence, science never fails 
to eypUnn. A simple application of the principle involved 



60 BBDJa'AND FACOLTIEe OF MAN. 



in Faraday's icdex may be made by any one, with two slips 
of paper; one of them narrow, and a few inches long, being 
vafered down to the tabic at right angles to the edge, or 
to a tangent to that point of fho edge F G H at G if tho 
table be round, and the other slip not wofered, but hiid 
down transversely on the first piece. This second paper 
being about sis or eight inches long, and an inch or two 
broad, so that the fingers of a hand may rest upon it, when 
pressing the table, thus : 




This simple arrangement is quite enough for ordinary 
purposes where the table is a polished one, as the first 
slip of paper A B, waferod to the table at A and B, with 
the index lino 1 1 upon it, will remain fixed, while the 
paper D, on which the fingers are to rest in pressing 
the table, but not on that part of it which is over the 
other slip A B, will move iroia right to left if there be 
lateral pressure in tho fingers, and the line II drawn 
across its centre and connecting the lino I I, and oc- 
cupying tho position of the dotted line when tho papers 
are first adjusted, will move to one side or other of the 
index line I in the direction of the lateral pressure, and 
so at once prove its existenco. 

But Mesmerism, while it has much abated in interest 
and modified its pretensions, Las not been so satisfactorily 
met by scientific intelligence, A good deal of confederacy 
•nd imposture associated with many of its manifestationB 
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have been dctectod and exposed, but the more coasistest 
adherents of Mesmerism have complained, and perhaps uot 
unjustly, thst quacks and impostors, for the sake of money- 
makiiig by sensational exhibitions, have perverted the 
scientific tiiiths nliich they maintain, and thereby brought 
discredit on phenomena which are beyond dispute. It is not 
the pivpose here to investigate whether Mesmerism be true 
or false. The present writer is too little acquainted with 
its phenomena to pronounce a judgment one way or other. 
He has seen some few attempts at Mesmeriaing, but they 
must have been exceedingly bungled and blundering 
attempts indeed if Mesmerism be anything but a stupid 
hoax. The object of the following remarks is not to 
investigate Mesmerism, but to consider whether we have 
not within the limits of human knowledge, and admittedly 
familiar experience, a set of natui'al facts far surpassing 
in tLoir reaUtj all tho phenomena which Mesmerism now 
professes to have succeBsfully manifested, and with some of 
the pecnliaritioB of which Mesmerists may after all be 
only floundering in the dark. 

It is one of the disadvantages of the student of nature 
that life-long familiarity with certain phenomena too often 
leads him rather to assume them as matter of course than 
to study them as matter of fact — to regard them as too 
commonplace for investigation, because it is accepted as a 
conclusion too trite for further iteration that they are 
eihaustively seen under their familiar aspects, and that 
man must know and understand fiilly and to the uttermost 
that which he is encountering every day. Were man's in- 
tellectuality equal to hia opportunities there wonld be miioh 
probability in this conclusion. And it is only when we 
are privileged through the eyes and understanding of 
some rarely endowed intelligence, whose mind has opened 
np a sew }iage of nature where we had thought all was 
ftlieady known, that we discover the fallacy of our aBSump* 
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turn, mad find we lure hitlierto been lookiiig at the half 
Mtd gQt edges of the Tolniiie oulj. and that the Book 
the miming Brook, and the Sermon in the Stono, do 
preach or eipoee their letter-press to every one. but, 
BensitiTe and highlj-giftetl ministers, pause till the aadiena 
is Bofficicntly reverential and attentive. Mnch of the 
beet eleracnte of philosophic trnth and wisdom is 
under the aspect of commonplace, and familiarity witf 
fectfi is not necesGarUy knowledge. The man who 
need his hands &om yoatb to age until they have acqniief 
BDch a property of easiness in custom that for them to 
right has become intoitive, and to use them wroi^ 
would iuTolso the necessity of special direction, does 
&om all this experience of his powers know one hit 
more how or why it is that the hand so instantly obe^ 
the Will, or by what sprite-quick and Ariel agency tU 
sympathy between the master and the servant is so full thai 
ore the pulse beats twice, or even once, the band has act«c 
the thought or seized what the rolitton has resolved o 
and holds it prisoner to our further purpose. Why ■ 
how is it that our motions obey our will ? Has all a 
life-long familiarity with this fact led us a step nearer 
the solution of its modus operandi 9 Or has our experion« 
only intensified our stupidity, and schooled us into arro 
gant indifierenco and self-satisfied ignorance ? 

All wo have Kaid of the great perceptive power 
being— Conscious NE89, we see no reason to qualify hest 
but neither do wo feel it possible to cxpond the ran) 
of what we have said, or propound on extension of i 
energies, save in only one direction. Consdousnoss 
not physical, nor possessed of physical powers or ageucit 
It is an intelligence, not material, nor incapable 
separate existence from matter. But its connection witu 
matter, in addition to its contact with and pofl-ers oil 
perceiving it which have loen already dealt with, appe— ■ 
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to consist of a farther power to control aad direct (he ojiera- 
iione of matter. But tliis, after all, tells ub notLing more 
than we already know, though perhaps under a different 
aGpect, when we B&y that we will, and our memhers ohej 
our will. We ask for farther satisfactioa thaa this, 
the prominent question occurs : Is ConeciouaneBS the 
force by which the will is carried out and reduced to 
physical action ? Mauklnd have hitherto lived and died 
under the passive nsaninption that it ig ; bnt a little con- 
eideration will render this assumption very doubtful at 
least, if it do not conclusively show that it ie Hot. 

It is true that the Conscionsuess can direct the physical 
actions of our body, but it is not true that the body is 
incapable of physical action after- the Conscioneness is 
withdrawn. The living body moves its limbs as our 
Consciousness directs, but the dead body may be also 
made to move its limbs ; and all that is deficient in their 
motions as compared with those of the living body is that 
the Consciousness and its directing power ore not there. 
Electricity will make the dead move, hut it cannot 
replace the Consciousness or its directing power. Hence 
the physical force or agency which carried the will into 
effect may be replaced, but the Will itself cannot. The 
physical force, therefore, is not the Will or Consciousness ; 
neither, reciprocally, is the Consciousness or WUl the 
physical force. The Will cannot move a paralyzed limb, 
but electricity properly applied can. The inference irom 
these facts is inevitable : The physical motions of our 
bodies are accomplished by tho agency of electricity, 
under the direction of our will, so far as they are voluntary, 
but independently of our will so far as they are involun- 
tary. Now. without reference to the electric action of 
dead bodies, there are voluntary and involuntury actions in 
the bodies of the living, and they form two largo and 
ecanprulicnsive divisions of our physical system. Tho 
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Mid nnmeraaB I 

item movo and I 

the Will has no ] 



heart, the stomacli, the limgs, &s lirer. Mid nnmeTaoB 
other departraente of oar physical syBtem movo 
operate by inToluntary action oyer which the Will has 
direct influence or control. So that C< 
"Will are not the forces by which these physical operations 
are performed, and have no presiding power over them. 
We know but of four depactments of human eidetonce — 
the Life, the Mind, the Feeling, and the Slaterial body ; 
but these operating forces of onr physical system are 
obrionsly not fruite of either the miod or the feeling. 
Are they, then, part of the Life? We have no means of 
discovering that they arc, but we have some reasons for 
concluding that they are not. The dead stomach has 
been made to digest nndcr the action of electricity, 
therefore electricity can to some extent supply the 
necessary force involved in its action without life. 
Besides, its action is a physical action, and Life is not 
physical, nor inherent in, nor an attribute of, phyaical 
matter. No donbt life exists in a tree, and controls its 
vital actions, which are its only actions ; but the force of 
those actions even in a tree is a physical force, and it is 
impossible to perceive how Life, which is not a physical 
element, caa bo a physical force. Yet it is here that the 
difficulty presents itself in its profoundest form, and here, 
if at all, tbut we are bonnd, aa for as possible, to reason it 
oat. Life is not inherent in vegetation, but if life be 
withdrawn horn any member of the Vegetable World its 
whole forces are suspoudod, and their whole motions 
BUppressed. It is not physical, and hence not a physical 
force ; yet when it is present there is physical force — when 
it is absent there is none. Must our reason here recede 
before the great mystery of Life, and confess itself power- 
less? Electricity will kill a tree, bat it will not enable 
it to perform any of tlie operations of its vitality. It will 
not make the i-oots ol' a plant digest and absorb jiabnlonit 
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tLod Bend np suitable elementa for bud and blosEom and 
&ait, thoagh it maj be, and no doubt is, a aubotdin&te 
(igency in these operations. We miist, however, meekly 
conteas we cannot penetrate the mystery of Life. But 
does this utop the line of inquiry wo have pmsned Bo lar 
in all other respocts? We think not. All the actions of 
a plant are vital actions, and we can Eoither understand 
Life, nor that kind of action to which Lifo ia essential. 
But it is not no of man and other animals. All thf 
aatioDS of a man are not vital Bctions. His muscular 
actions may bo produced without the presence of Life, 
They fonn an eitensioa of action beyond the range of 
trees and plants, and beyond the limited range therefore 
of essentially vital actions. Perhaps wo shall be able to 
discover that they ai'o as much mechanical actions as 
those of the steam-engine and other machinery, and 
as much accomplished by jihysical forces and agencies. 
The motions of a tree or plant are only those hydraulic 
energies by which its sap ie absorbed, analyzed, distributed, 
and applied in the development of the plant ; and in this 
respect they arc allied to those motions of the blood in 
animals by which the vital energies are kept in operation, 
and seem to bo restricted exclusively to the processes of 
growth or development, renovation, and reproduotion. 
In this resirect, whether it bedispnted tliat the Scriptures 
teaeh science or not, there can bo no doubt whatever that 
they put the linger of revelation on a remarkable scientific 
fact, not hitherto considered so fally as it ought to have 
been, when they say of animal nature that the blood is the 
Lifo thereof. If the sap of a tree bo not the life of the tree, 
its operations are so intimately united and identified with 
the vital forces and actions of the tree as to be utterly 
indistinguishable from it by any power of human discri- 
mination ; and in like manner the operation of the blood 
d naturo is utterly indistinguishable from tho vital 
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GiiergieB of animal life. Electricity, iis wo have said, may 
make tlio dend body movo, aud the dead stomach digest ; but 
it canBot make the blood circulate, or the dead poUe 
throb. lusteail of re-cncrgiaiag the blood it doBtroys it. 
A shock of electricity passed through the Hood after death, 
BO far from vivifying, separates that fluid into its three 
component and subordinate elements — the red globular 
colouring matter, the gummy serum, and the watery 
EenuQ, and rendei's it altogether unfit for the purposes 
of vital circulation. But not so with regard to those 
motions with which animals arc endowed, as distinguished 
from and in addition to the vital energies they possess in 
common with vogetablo life. These motions may be pro- 
dnced after life has departed from the members, and they 
are thence, we may warrantahly conclude, separate and dis- 
tinct from what we have considered he the vital actions. 
If electricity may produce every kind of physical motion 
bnt vital action, as wo find it can in the dead, are wo 
warranted in concluding that anything in addition to 
electric agency ia required or employed to produce such 
physical motion in the living? Unless we can charge 
nature in some department of hor operations with si^or- 
fluity, we are not entitled to assume superfluity hero by 
the only light of reasoning we have to aid us in our 
determination of this question — ^the light of analogy. 
Nature is nowhere chargeable ivith superfluity that we 
positively know of, and we nro excluded by that fact 
from gratuitously asBuming that sho may be chargeable 
with superfluity here. In the living, as in the dead, 
physical motion may bo produced by electricity, and wo 
are warranted by all analogy of nature in concluding that 
it ifi produced by that agency alone — the Life and the 
Consciousness having merely a presiding and directing 
power over it. But a little study of the anatomical 
Btruotnre of animal bodies will lead verv much to the 
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Ptrengtheniiig of this conclusion, for wIiUq electricity mnj 
act on inorganic bodies and cause motion, isdopendent of 
organic Btnictiire in them, here it does not bo act, but 
opomtes in harmouy with the organic structure only, and 
in conformity to the aim of predetermined motive arronge- 
luentB. Applied to a dead muscle it will make that 
muscle act, not as if it were inorganic matter and had no 
Bpociol structure, but as a muRcle should act, and in har- 
mony and strict subordination to its organic structure and 
purpose ; and this it can only do because the structure of 
the muscle is such as to allow the operation bj it of some 
electric law of motion, which, if it be not specially and 
osclnsively designed to facilitate, it at all events fully and 
perfectly coincides with. On this point we feel fully 
entitled to say tliat if such perfect adaptation of muscular 
organization to electric laws be not the result of prede- 
termined pwpoRe in the arrangement of nature, it is a 
solecism unparalleled by all mere blind ctiincidence. But 
let us now see whether wo can detect the electric law 
iiom the organization and motion of the muscle; for its 
anatomy has been fully ascertained. The electric law, 
we have said, operates in striot conformity with the 
muscular structure ; erffo, as matter of induction, the miu- 
adar adioti under electricity is the electric action, or iden- 
tical with it, and must therefore involve the operation of 
the electric law. Now a muscle consists of a large 
number of very fine fibres arrouged together, terminating 
at each eud in a tendon, and these two terminal tendons 
respectivoly form the tendinous origin and tendinous 
insertion of the muscle ; and muscles arc so constructed 
that they contract or shorten, and extend or lengthen, as 
may be required when under action. In contracting, the 
helly of the muscle, or that part of it between the two 
terminal tendons, awells out. In extending, the belly of 
^e muscle collapses. This ia the mode or foi-m of m-.is- 
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cular motion ; and having Batisficd ourselves of this mncli 
it is now am duty to investigato what known law of 
electricity such a motion coineideB with. This, in the 
advanced state of eleotric science, is fortanately not diffi- 
cult to find. M. Ampere's theory of electric currents 
supplies us with the fact that two parallel, or nearly 
parallel, currents of electricity, when proceeding in tho 
same direction, attract each other, and whea proceeding 
ia opposite directiona, or counter to each other, they repel 
ooch other. We have only theroforo to suppose that when 
tho electricity passes along the fibres of the muscle in the 
Rttme direction thoy attract each other, and tho belly of 
the muscle collapses, the muscle being extended ; and 
that when the currents of electricity proceed iu opposite 
directions, that is, so many of them, along one set of tho 
muBCulnr fibres from ono end of tho musclo — the tendinous 
origin, for enimple— and bo many more of them proceed 
from the opposite end of the muscle, or the tendinoaa 
insertion, these currents passing each other through the 
belly of the muscle repel each other and swell the belly, 
thereby causing the muscle to contract. The immense 
number of fibres in a powerful muscle, and tho number of 
electric currents thus passing along them, will readily 
account for tho great strength and liternlly electric 
rapidity of muscular action ; and we know of no other 
explanation which furnishes the faintest indication of an 
adequate cause for this familiar, but not the less remark- 
able phenomenon. If there be any other force which can 
produce this action, mankind, as yet, know nothing of it. 
We do know that electricity can, and does cause it, and we 
also know that the above is the only law of electricity 
nian has been able to discover by which it can be done in 
harmony with muscular organization, and tliat it is a Ibw 
adequate to the result. Wo also know that it is by paas- 
ing through the mnscle that electricity causes muscular 
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Botion, dad that the moBcuIai fibres ore conductora ; so that 
our eondusion amoiintH, we may almost say, to fl8 com- 
plete deraoiiBtratiou as the subtle nature of electricity 
allows. In lact, om' nerves and muscles seem to bo a 
series of telegraphic wires and electric mechanism com- 
bined, by which our Tolition has accomplished its pur- 
poses in our physical nature ever since the creation of 
animal life, and that, groat and marvellous as modem 
electric und telegraphic discoTerics are, they aro after all 
only n lucky stumble upon an old law, and an unconscious 
imitation of an old application of it, as commonplace as 
humanity and as hooi'y as antiquity iteolf. 

Wo also know from Ampere's theory that currents of 
electricity influence each other, so that of two transverBO 
currents the stronger controls the weaker, and are there- 
fore prepared to find that whore the distance between 
them is not sufficiently great, or the insulation not 
perfect, singular and mai'ked effects might be produced 
from their proximity. And all this snggusts to us that 
the normal and strictly legitimate electric action of 
animal bodies is far moi-e estenslve, and far more wonder- 
ful and powerful in the most familiar and ordinary results 
■of animal motion, than anything Mesmerism and Animal 
Magnetism hayo been able to establish. Indeed, wo arc 
led to conclude that, if there be any grain of truth in the 
pretensions which Mesmerism has made, it is only a dinJy 
and feebly perceived fragment of this great and common 
li>w of animal life on which it Las alighted, and svhick it 
cannot fully eiplain. And if so, it is well to observe that 
its experiments, unites conducted under the light of 
science, may in many instances be injurious and exhaust- 
ing to the parties operated on, in consonuence of their not 
being conducted in strict deference to the normal laws 
of animal action ; and that they ought to bo discouraged 
in all but a^lequatoly enlightened and prudent hands; for 
ovei'ything done in the iviiy of cxpcr,';:ient on man ouglit 
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to be in a direction tending to promote mid invigorate 
healthy and natural action only. 

We are now in a condition to contemplate with some 
degree of wonder that most astcnieliiug of all the pheno- 
mena of natural magic — that fearfully anil wonderfully 
mode compound of immortality and evanescence — that 
■' paragon of animals," Man ! To contemplate, too, after 
more than four thousand years of recorded fact and phi- 
losophy, how much and how very little we know of ourBelves. 
Familiar in daily life with those who arc continually setting 
up their arrogant and hasty opiniono ae the finality of 
knowledge, though they have never exhibited inteUectual 
energy enough to penetrate or discover a fraction of what 
Kuch a work as this has recorded, or to know how much 
and how long philosophy has laboured for so little, the 
conclusion of the Preacher seems to hover like an abiding 
epitaph over the achievements of man's boosted wisdom 
in tho sighing and disappointed trisyllable — Vanity ! 

How small a portion of the great eternal whole is 
man's present esisteace, and yet of how mtuiy varied and 
wonderful combinations is it made up I A physicol 
system which poBsesscs powers of assimilating food and 
matter, both by analysis and syntbesis, which no labora- 
tory can equal, no skill in science compare with — a 
system whose arrangements eclipao telegraphy by tiie 
rapidity and completeness with which they communicate 
from Will to Act, from sense to sense, intelligence and 
mandate — whose clcctro-mechanicttl motive power no 
machinery of human invention has yet been able to 
approach — a system of pneumatic, hydrostatic, optic, 
and acoustic combination, each finer in its parts and more 
perfect in its action than ingenuity can even hope ever 
fully to understand — ^aud added to all these. Life, and 
Mind, and Feeling forming a metaphysical co-operation, of 
which we can only say it is, and then sink our vau nted 
knowledge into lip-sealed and humbled ignomnce. 
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CHAPTEE V. 

Animal motion— Spontaneous, involuntary and diseased motions — 
Capable of being artificially produced — Defects in Mesmerism — 
Want of uniformity in its results— Electro-biology and Phrenology 
— The brain — Propensities — Cerebral development no proof of 
propensity — Alleged propensity not consistently shown in expc' 
Hence — Propensity not material but metaphysical, and cannot be 
indicated by size and quantity of matter — Exercise causes dc' 
velopment — Small mental power capable of great achievements — 
Accountability of human life— Bight and wrong divide the uni^ 
verse — Banger of error — Tendencies of the age—Opin ion — Differ- 
ence between Opinion and Conviction — Not necessary to form 
opinion as a basis of aetion — Opinion not truth — An impediment 
to correct action— An illustration of this — Case of an African 
traveller — Confusion as to opinion — Our means of protection 
against error. 

Having so far considered in the preceding chapter the 
laws and forces engaged in the production of animal . 
motion, and which appear to result in showing that 
physical action in animals is accomplished by what may 
be called strictly electro-mechanical appliances, let us 
now devote some attention to those animal motions in 
connection with the Will and the Consciousness, and also 
to a few of the phenomena of spontaneous, involuntary, 
diseased and artificially-produced motions. 

It appears then, from many well-established experiences, 
that the Consciousness may be to a large extent separated 
from physical motions which ordinarily never take place 
save under its immediate direction and control, and also 
that a large number of diseased motions are possible over 
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which the WiU antl the ConaciouBnoaa never have any 
control. Thus the inotioas of the Bomnambuliat are to a 
large extent performed without tha Qonsciouaiiess, thoogh 
they are of a nature oyer which the W'il], in ordinary 
oircumatancea, would preside and exercise direction. On 
the other hand, cramp, lock-jaw, and other diseased actions 
of the muscles, are of a nature over ivLich the will im- 
tbrtunafply never has any control, and they prove to uh 
eonclasively that, though Consciousness may be associated 
with, and part of the vital force, it is not the motive force, 
nor necessarily aaaociated witli it — that, in fact, the motive 
Ibiue ia not a vital, but merely e, meclionieal force. 

But all mechanical forces are capable of uiechauical 
regulation and control, and it is therefore quite possible 
hud within the iimits of legitimate logic to conceive that 
what can be produced naturally or by disease in tbo 
mechanical motions of the human body may be produced 
by the application of artLdcial control over the body. 
For if motion in a dead body may be produced by the 
application of electricity, why may not involuntary motion 
bo also produced in a living body by the application of it ? 
If muscular ■ action be produced by electric currents 
obeying the volition, why may not more powerful currents, 
OS M. Ampere has shown, be so applied ns to control 
these currents in opposition to the individual will '! If 
somnambulism and dreaming, and lock-jaw and cramp, 
Bnay bo produced by natural causes, why may they not be 
produced also by artificial means, if we know ]iow to use 
tbeEC means ? And yet some of these phenomena go far 
beyond anything that Mesmerists have been able to prove, 
and show an involuntary mechanical and electric action 
in our physical nature beyond the Moameriat'a absolute 
power, whatever may be said of his pretensions. It may 
be said that these facta go to prove the phenomena of 
Mesmerism. We have no objcctiou to prove them if they 
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bo trQQ. But we ititlier think thej go dii'eotly to diBpi'ove 
Mesmcrisiu, and establish a set of facts which show that if 
Mesmerism were tme — if it hacl really discovered the key 
tu producing by artificial means that which Nature pro- 
duces by euceutric action and disease — then it ought to 
bave no failures in the application of its key, and ought 
to meet with no impracticnble nnd no nnimpressible 
subjects. Mesmerists confess that there ore individuals 
who cannot be mesmeriBed ; but tho facts we have been 
dealing with are facts to wbicb all men are subject. And 
if Mesmerists cannot produce these nniformly in all, 
and with iwrfcct certainty, their failm'e gives a strong 
piwhttbility to the suspicion that they have not the 
true key to produce them in any one, and that their ei- 
periments, so far as they have any trathfulness in them, 
are wholly empirical, of nnoerfain issue, and unworthy 
of yet being recognized as having established anything 
within the legitimate precincts of science. Onr aim is 
neither to support Mesmerism and its pretensions, nor to 
be severe against anything on account of which its 
adherents honestly think it can really lay claim to con- 
sideration. The aim here is to direct inq^uiiy and 
nttention to what is known to be tmtb, and stimulate 
investigation in the right direction. lii is quite plain 
that nature does accomplish in a natural u-ay jihenomenn 
and effects fully as wonderful as anything mesmerism lia« 
asserted ; and if mesmerists think it of importance to 
produce similar effects, let them turn to the means by 
which Nature itself operates, and they may have some 
prospect of makiug discoveries more worthy of oon- 
sideration than tlie pretensions of quacks, and more 
uniform in their results than the accident of unaccnunl- 
nhle snsei^iibilUiea. 

With regard to Electro-Biology and Phrenology, which 
•e closely connected with this subject, it is jHirhaps riglit 
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tiMt we Bhonld alfu my KoiticUiing, beoaso here too ft 
fftat deal of Mechood appeals to hate got mixed np nith 
A TCTj umall aiaomit of physical tmth. No aafttomiet 
■oaerU in these days, if indeed »iiatoiuists ever made 
the osecrtion, that tho brain is tui isorgaiiic mass of 
mednllary Chaoe, or tiiat its Tarions parte have not distinct 
fouctioDS ajid pnrposea, whatever these may be ; bnt it 
is the pretensiun made by tiie phrenologist to foieusst 
hotnan t-baract«r by reading the " Organs," and predicate 
even criminal and other life by talking of -■ prapenrnties " 
founded un organic development and the relative 
dinieneious of so-called facnlties, that prodnces scientific 
lepngnance and the well-founded di^ost of eeneihle 
mm. Assmning, for the sake of argninent, that phrenolo- 
gists have been successful in localising the varions oi^ans 
of the broiu which they have named in their charts and 
busts, how do they prove, let us ask, that the size of an 
organ, or the relative size of a set of organs, proves 
a propensity, or jostifies the ptedicatioa of a character 
tbote&om? Does the sizeofaman's hand, or the physical 
formation and power of his arm, prove, because he possesses 
great strength, that ho is fond of hard labour, or has a 
propensity for laborious pursuits ? Wo have seen little 
and delicate men who have taken to manual industry and 
bceome strong-armed by practice from the extremest 
degree of primary weakness ; and physical giants, on the 
other hand, who have never taken to greater toil than 
that of the brain, nor wielded a mach heavier weapon 
than a goose quill. Nay, though a certain amount of 
cerebral capacity is indicated by the form and dimensions 
of the skull, there is nothing to indicate that the brain, 
like the feeble arm, may not develop by exercise, o 
eollapso aud diminish from the wont of it ; nor to show 
that portions of the brain may not be largely developed 
and exercised at one period of life, and wholly tmeserrased 
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At another ; jnet as much as that a man who nut; hava 
toiled fifty years, and Buddeuly suco«dfi to fortune, or 
slowly iDatnres it during that i>eriod, all at once obandoDH 
Lis hard physical labour, and becomes a mere OTorseer or 
inaeter, employing and directing the labour of othere, 
or retires (dtogether into the leisure of life. If siae of 
cerebral organization meant propeneity iuxteod of merely 
power or capacity, the propensity would be porBisteatly 
and continuously manifested &om the beginning to the 
end of eiistenee ; but many men's lives are only a per- 
sistent eontradietion to their cerebral development, as 
much Bs the lives of others are a contradiction to their 
energies and physical strength. No one con look on the 
fine head of Shakespeare without being struck with the 
impress of pre-eminent intellect which it bears ; but n 
<|ueBtion. with regard to it still arises — whether Nature 
gavo tJiis evidence precedently, and stamped the physical 
formation with that calm and concenbuted aspect of 
mental energy and seated power, or whether the trium- 
phant progress of achievement did not enlarge the 
expression and open the windows of the soul, and thereby 
mould the physicnl material to its exposition, just as 
practice indues the right hand ivith its cunning, and modifies 
the nervous and muscnlar development of the exercised arm 
into harmony with its use. If there be such evidence for 
propensity oa phrenologists have contended, where is the 
evidence for energetic achievement, and of culpable and 
degrading neglect'? But it is utterly fatal to all this 
argument upon assumption that PropeneiCij is not Material, 
HOT an attribute of Matter. It is no more Material than we 
have already shown reeling to be. There is no other pro- 
pensity known as an attribute of matter than the propon- 
aities of gravitation, attraction, repulsion, and chemical 
afBnity, which are not living, but dead ; not inherent, bnt 
jtittooB powers purely physical, and vaiiable under 
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yarying physical circnmatftnccs. Moral propensity is a 
vital and a living power -wholly metaphyaiciil, and 
incapable therefore of bcisg evidenced by the dimonsioDS 
of a phyBical organ, or the relative preponderance of 
physical arrangements. The biologist who does not 
know this is little better than a mere niatei'ialist, like 
Epicurus, and muat he profoundly ignoront of motftpbysics, 
withont which such conclusions as ho draws cannot 
legitimately be even approached. Matter is but a fourth 
part of the elements whieli go to the constitution of a 
human being, as wc have shown at the outset of ibeso 
chapters ; and the phrenologist who proceeds to assort the 
esistonoo of propensity on tho bare evidence of physical 
or material development omits consideration of three- 
fourths of the elemente necessary to the determination of 
tho subject, and is no wiser than he who, looking at a 
set of palsied and paralytic limbs, would assert, on the 
bare ground of their apparent size and formation, that 
tile possessor of them must be able to walk and leap. 
Physical development can at best give partial evidence 
of Gapacity onlij, not of Propermly, and only partial evidence 
we insist, for men are not uniformly strong in proportion 
to their appearance of strength, nor uniformly active- 
minded in proportion to their appearance or eapaeity, 
or even jioateMion of intellect. The intensity, the vigom', 
and the quantity of the vital power, purely immaterial 
nnd beyond tho range of soicntilic investigation, have 
much to do with character, as well as nil the circumstonceB 
which attend its dovelopment, and, as external influences, 
test and call it into operation. And the quality and 
texture of tho material elements, when matter itself is 
at lost condescended on, has more to do with its sustained 
activity and enduring power than that crude, primary, 
and dominant assumption of the phrenologist — the 
BUperficiftl appearance of mere brute weight or quantity. 
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So EtuiQ man would triiEt tlio strengtli of a, ropa merely 
bocauee it is thick, any morG than lie vould cndcovour to 
make a rope of gaud bocauEO Raud will bear his weight 
ivhen he stands upon it ; yet the phrenologist's predications 
of human character are just eib illogically based and 
inferred as such eouclusionB and misdirected efforts 
would be, and the honest mind, to which truth is every- 
thing, cannot bo too eameatly warned against them. A 
good deal of what mental and moral power may be in 
achievement is evidenced by the small piecemeal and 
inglorious labours of that being, too much despised amoug 
mankind ^ — the poor Plodder ; for just as the Bees send 
forth a thousand workers to gather was and honey for the 
hive, which at the end of the ilower seosou containa a 
plentitude of treasure and fortune, so the Plodder, intent 
on achieving some worthy aim beyond the instantaneous 
energy of his powers, calculates the value of little by 
little, and adds under the sanction of forbearing time 
his thoUBfludth time repeatel contribution to his work, 
until it at lust swells by slow but steady increase into 
tlie full development of bis purpose, end ho is enabled to 
leave a monument of his industry behind him not less 
respectable, sanctitied as it is by the fortitude of j^tieuco 
and the heroism of perseverance, and often aa benolicial lo 
mankind as tho triumphs and masterpieces of genius 
itself. Who will say that small things arc contemptible 
only, or that tho Ant is not the greater a giant from tlio 
very disproportion between its pigmy jjersonulity and its 
mighty bill — the exponent of a grander and more heroic 
will than genius eft can claim as its associate? And 
so of these small mental organs in men, on the ground 
of which phronologisls would predicate failure in the 
intelloctnal achievements of life. It is the exercised 
limb of the little man that contains tho developed strengtii, 
t the idle arm of the giant. And the intellect, too, 
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improTed by aotion. It ia & mistake to suppose that tl 
sknll is a, haitl iuoasemeut of bono which allows i 
enlargement of its prisoner : it is on aiah. strong a 
groined vault of masonry to rosiet pressure from without, 
but it is the very reversal of an arch, with all its powers 
of resistance inverted and toi'ned against itself when 
opposed to pressure from within. Let ub then, by every 
attribute of our manhood, resist and defy these miserable 
doctrines that would foredoom our noblest powers, and 
write the scaring word " impossibility " across our paths — 
the arrogant fiat of charlatans and quacks. No cranium, 
no physical form of our organization, exhibits at the 
ontaet of this life the full development of which it is 
capable. Adequate exercise only can give it that. The 
metaphysical part of our being is the dominant part — 
the animating, energising, and controlling power — and 
the physical iB merely eubjeetive to it, just as catemal 
matter also is to the furccs which operate upon it. It is 
quite as baseless and arrogant an aesumptiou to say 
thot the physical development is the cause of propensity, 
as that it is the cause of feeling and of life. The very 
reverse is the case ; for life, and feeling, and propensity, 
on the contrary, are" the causes of tho physical develop- 
ment, wliich never would grow an inch from childhood to 
age but for them. It is impossible to reason further 
therefore with those who, assuming the position of 
philoGopbers, mistake the effect for the canse, and the 
cause for the effect, and invert the whole principles of 
logic and sequences of truth to arrive at their ridiculous 
concIusionH ; for to them truth must appear only to bo 
error, and error only to be truth— an idiosyncracy as 
compared with which even lunacy has some lucid intervals 
in its favour. 

But the result of all these various considerations of tho 
being and faculties of man, hie internal ConsoiouBiien 
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Bud luB contact witli and knowledge of external reality, 
will serve very little purpose to us if we have not learned 
from them higLer and better powera uf diacrimi nation 
than we wore aware of before we began the study in 
whicb we buve been engaged— if we Lave not learned 
that there are three great regions with which our responsi- 
bility, our high and accountablo moral life is in contact :, 
that thoro is a reality around us coneistent, truthful, and 
at leaet as stable as ourselves, in which the scene of 
present life is cast, and in reforenee tu which its duties 
have to be wrought out in such a manner that it is of the 
highest consequence we should so use and learn to know 
oar faculties and powers as not to be negligent nor allow 
ourselves to be deceived — that there is a coming reality 
in faturity before ns, after the limited present has passed 
away, likely to demand for its experienee a higher fitness 
in point of intelligence, capacity, and purity for its 
realization— and that there is also a region present now, 
and possible for ever, in which error, contrndietion, and 
confusion hold, and moy continue to hold, that Saturnftlia 
of distortion and misrepresentation, wilfidly deceiving and 
being deceived — the only chnoa full of reaction and horror 
which it is possible to imagine can be or ever has been 
realised in an Eternity presided over by Divine and im- 
maculate intelligence where will is free and moral action 
a responsibility — a very Hell from the intensity and the 
perpetuity of its more than maddening incompatibilities. 
Eight and Wrong divide the imiverse by a clear, vivid 
and unmistakable line ; on the one side of which is truth, 
stable, sure and eternally trustworthy, and on the other 
falsehood and interminable error — a shifting quicksand, a 
treacherous quagmire, blinding and betraying its reckless 
victims — the region of iueitricable and fatal fioundering- 
of everlasting self-contradiction. 

Xn this age we are beset on all sides with dangers, and 
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theorists, wLo seem as indastrionHly engaged ugainst usaaii 
it were ono of the highest merits of life to lead na astray. 
Caadonr was Home protection at one time, and, though it 
ia BtUl tndiEpensable to integrity of jadgiucnt, it requires 
often high and cnltivated intelligenco along with it to 
, enable us fully to escape deception ; for the world has 
Bcccptcil that mischievous and plausible error that every 
man is entitled to have his own opinion, and apparently to 
publicly proclaim and teach it— a Mlacy before which the 
whole principles of sound and truthful reasoning are snb- 
Torted, arid error endowed with niiiversal licence, Pei^ 
haps it may yet avail some reader of these pages to point 
out that every one- is not entitled to have his own opinion, 
and that those who claim such a right do it at the expense 
of their truthfiilncss and accuracy of judgment, and at the 
peril of all the errors into which thoy mislead others 
and aro themselves certain to fall ; for we doubt whether 
those who repeat this popular aphorism about opinion 
know the difference betneen an Opinion and a Con- 
viction. Let us ask then, is every man, or any man, 
entitled to hold error when he has the option of re- 
jecting it? Cnn ho free himself of Ins moral respon- 
sibility to hold the truth, and nothing but the truth? 
But what is Opinion ? Is it truth ? And if it be not 
ti'Uth, is it anything but untruth — falsehood and error ? 
To show that Opinion is not— iwro- )'« tmth— let ns illus- 
trate the diflerence between it and Conviction. When n 
man looks upon an object hefure him, such as a tree, for 
eiample, he caanot help perceiving that it is a tree — he 
cannot convince himself it is not a tree. Nay, though he 
deny it to bo a tree, his denial will not enable liim to 
believe it is not a tree. Its appearance and self-evidenoe 
of what it is will not vary or alter to accommodate his 
denial or wish to diebeliovQ it. The tree will contiirae. 
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in Spite of all his mental Fesisiance, to appeal and to bo 
JHBt what it is and what he perceives it to lie ; and such a 
peiception is a Conviction. It is Belf-evidenced and 
independent of our will ; for a Conviction is a perception 
cither of the mind or the senses which is unalterable by 
the oserciBB of will or choice. But suppose that two per- 
EODs looking at a tree go into a discussion as to the ago 
of the tree— which is not cut, and the age of which cannot 
be accurately ascertained till it is cat and the trnnsverso 
section of the stem with its rings revealed— and that, with- 
out knowing anything of the number of those rings the 
two persons dispute and argue, one, that the tree is only 
eighty years old, the other, that it is upuswdii q/' a huitdred 
yew» — these are Opinions. The one holds by the one 
view, and the other holds by the other, on, the maxim that 
evozy one is entitled to his opinion, and that one man's 
opinion is ns good as another. Yea, but what of tlie 
truth involved ? Will the tree become only eighty yeai's 
old to please the one person, or a hundred ycai's old to 
please the other ? Are the opinions worth anything as a 
matter of fact where the absolute truth, and it alone, is 
requisite V And when is it not requisite, if anything be 
requisito about the matter tit all ? Can either opinion be 
relied on and accepted as truth if a question of the slightest 
importance depended upon it 'I They may be called ap- 
proximations to tho truth. But are approximations the 
trvih ? And is anything that is not the truth other than 
untiiith? In every instance in which the actual truth is 
required an opininu is wortli ab»;oluteIy nothing. CoU' 
viction is a perception of the truth itself ; Opinion is only 
a guess at it. No man is entitled to liold it as tlio trutJi, 
or act upon it as such, for it w ^ain tliat he can at vnll 
change his opinions, hut the frtith mil mi change. 

But WG arc told that men must form opinions and act 
apon them in the business of life, Forhaps many men 
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do SO ; bat let ua show the fatlacj of their so doing b; ao 
illustration. Very lately a celebrated African traveller 
WHS said to have been murdered by savage nntivcB while 
pursuing hia nmguanimouB journey in tho interior of that 
country. Wlien the news reached England, they were 
fully croditeil by some and wholly discreclited by 
others. Neither of these parties by believing or dis- 
believing could fix the actual fact ; their views of the 
matter were mere opinions. Bat what we have to do with 
here is, whether these opinions, either or both, of them, 
were, or could be, of any use as the basis of any action 
that required to bo taken in the circumstances. If the 
parties who believed the iHustrious traveller to be dead 
were to take any action, what could theii' action be on the 
basis of thoir opiuioa? Could it bo anythiug more than 
merely to send out at their leisure and ascertain the 
reality of the fact, wliicfi they held to be tmo already — 
hurry in tho matter being unnecessary and out of the 
question, because the traveller they were satisfied was 
really dead ? On the other hand, what action could those 
who did not believe the news of the traveller's murder 
take on the basis of their opinion ? Was it nocessaiy 
for them to do anything at all, seeiug they were satisfied 
that all was right? It wonld be to discredit the wisdom 
of their own opinion were they to do anything. Where, 
then, is the value of opinion as a basis of action in such a 
case ? imd where is there any case to which it better 
applies? Any action taken by those who considered it 
necessary to act in tho case of tho eminent traveller wo 
liavc mentioned was not taken on the basis of these 
opinions, but by steering clear altogether of them. It did 
occur in a seusible way, and as matter of f;ict, that certain 
of the companions of tlie traveller's journey had returned — 
that was matter of fact. Fart of the contemplated strength 
iif the ontcrprise was not with it, whatuvor its condition 
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miglit be. It wns therefore obvious as matter of fact and 
uf duly tkttt we were bound to fiend out aid to replace 
the aHcertaiuod doficiency, bo that, if in time, it might not 
be required iu Tain, These were truths and obligationa — 
not opinions arrogantly expressed, but diitj clearly ascer- 
tained, without ahBolutely fixing anything but tlie wisdom 
of distrusting opinions altogether. True, we are told that 
men take and act on legal opinions day by day. But 
this 13 really a confusion of ideas arising from mis- 
application of language. A lawyer has the facta of a case 
laid before him, and a sound lawyer states what the law 
ia in reference to these facts, not what in his opinion it is ; 
not what he thinks, but what he knows it to be ; and just 
in proportion as he states what he competently knowt is 
he a prudent advieer, and as he states what ho merely 
ihmka is ho utterly unsafe. 

A more opinion, even from a lawyer, is of very littlo 
value, and the word is really a misnomer for the purpose 
to which it is so applied in law. Clients wish to bo in- 
formed of the law which is certainly applicable to their 
ease, not of that uncertain thing opinion, the accuracy of 
which lias no present certainty, but has wholly to bo 
ascertained by a future result. Opiuionative people are 
great self-deceivers, and besides being very dogmatic 
members of society, they are the most easy of all to bo 
misled. They are continually encountering those who 
cannot he made, and arc nnder no obligation, to think as 
they do, but who could, if they chose to flatter, easily 
encourage error rather than oppose it, with the most 
obvious disadvantage to the opinioaist. Surely sueh 
people should take warning for their own sakes, as well 
as for the comfort of others, to reti-aJu &om making 
dogmatists of themselves ; for after all their labour and 
persistency their opinions are really worth nothing. It 
ia a very small uuctiou to lay to their souls to say their 
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opinionB are as good as the opinions of others ; for aU 
opinionB ore ntterlj worthless, and there is hat one set of 
fools greater than thoBe who pertinacionalj insist on 
haring their opinions respected, namely, those who 
respect them. If there be noisj diEcneeion and intem- 
perate language it is Knro to be over nn opinion indis- 
creetly maintained, and not over a tmth that it is hold, 
for opinionative people spend many words and ronch 
labour to prove yolhiiv/. They may as well rest assured 
at once that Truth is everything, and that, besides Trnth, 
there is only Error. But if they will not discipline their 
own minds to appreciate this fact, how can they expect to 
be anned by accurate logical hahit to correct the errors 
fallen into, or, worse and more dangeroue still, the 
iaipostures practised by others ? It ought ever to be re- 
membered thai opinione are condtuioTi* in the dark, and 
be/ore the trulli ie atcertained, abotit tehlch all mind* mag 
pulifitMij differ. 

Assertion of Opinion, therefore, provokes only certain 
and inevitahle defeat, for in such encoontare the person 
who merely disput-ee the Opinion is not and never can bo 
in the wrong. It is the person who asserts the Opinion 
who in in error, for the simple reason that Opinion ix not 
truth, and that in tho absence of the truth the Opinion 
cannot jutitifiahly be insisted on. After the tmth is 
apparent, and can no longer ho reBistod, the region of 
Opinion disappears, and anything but Coitvidion is im- 
possible. 

So much, then, for the proposition Ihaf every one U 
mlillfd to liavc his men Opinion, which is only the most 
ftTH^ant assertion that ciin possibly bo propounded by 
those who are dotenuined at nil hazards tn stick to and 
justify their errors, and inflict on others their own im~ 
[>criouB, potulant, and blundering wilftilness. Truth, and 
that numifcBtatiou of it which justifies ConTiction, will 
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very rarely be disputed or miBtakcn, but Opinion can 
never justifiably claim to ba aoquieBced in. It may be 
modestly stated, but never as more than an Opinion, and 
it would bo bfttter even then that it ehonld wait till it is 
asked for. 

We have endeavoured, and the task is by no means 
on easy one, nor one on the results of which we can very 
greatly congratulate ourselves, to popularise within a 
reasouable limit one of the most abstruse and important 
departments of philosophy, strictly in uniaoa with, though 
antecedent to the subject of Natural Magic, and which 
deserves from mankind a much more respectful attention 
tbau it obtains as a means of self-knowledge, demonstra- 
tion, and mental direction. Many of our readers will 
probably hate tired of the subject before teaching tiie 
present page, even though our matter has been necessarily 
limited to our space, and to the aim of dealing lucidly 
and fully with a few, rather than [londerously and exhaus- 
tively with many things ; for our iacts have been selected 
and explained at considerable length for the purpose 
of showing tlint there are elements essential to accuracy 
of judgment which arc greatly neglected in the age 
n which correct and com- 
prc-cminently required to guard 
ver increasing. Bad becoming more 
a their character from the ad- 
' scientific facts and appli- 
If these chapters are the means of showing 
without undue tedionsness to those who do care for 
suoh snbjecta the powers of accurate perception and 
conviction at oui' command, and tho absence of any 
necessity for forming fised and positive opinions on 
matters of which we are not thoroughly certain — that 
no mere opinion is worth forming after all- — lliat llie 
' 1 cases he mfelij anA itiUeJy iuspcTi^ed 
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-m&eid any practical inconvenience tiU the truth itself appears 
— let US hope they will sufficiently arm the prudent and 
those who have a due respect for wisdom. Those who 
prefer to learn in the school of experience must he left 
to the lessons that instructor applies. 
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LETTEE I. 

EiUiit and irUeral of Oie adtj^ci — Scttitee emploj/ai liy anaiatt j/acern- 
to deceia and entlave &eir sti^ecls — lajtuence of the mper- 
\l upDii ignorant Toiads — Meaas amplmjcd bj/ Ike ondml 
magician* to eilaliliiA their autlKyrity — Derived from a Imoi^edga 
iff OiS pkeHoraena of Nidure — Fraiu the i«fi>ience of tiareotic 
dmga upon the victltm of their cMusion — From entry branch of 
i — Acoailia—Hj/drottatict—Meclianici—Optia--M. Sal- 
icork oa ilie occult icieneei — (%'fct of ilie foUmeing LeUen. 

My bkab Sm Walteb, 

As it tvae at jonr suggeetian that I nnderttiok to 
dniw up ft popular account of those prodigies of the 
material world which have recciyed the appellation of 
Natural Magic, I hovo availed myself of the privilege of 
introducing it under the shelter of your name. Although 
I cannot hope to produce a volume at all approaching 
in interest to that which you haTe contributed to the 
Family Library, yet the popular character of Bome of 
ihe topics which belong to this branch of Demonology 
may atone for the defects of the following Letters ; and I 
shall deem it no digit honour if they shall bo considofod 
as forming an appropriate s-applemont to yniir valuable 
work. 
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The subject of Natural Magic is one of great extent 
as well as of deep interoat. In its widest range, it 
embrftcea the history of the goTemments and the enper- 
Btitiona of a,ncient times, — of tlio raeans liy which they 
inaiiitftined their influence oyer the humau mind, — of the 
nesistoooe which they dcnved fi'om the arte and the BcieDceB, 
and from a knowledge of the powers aud phenomena of 
nnture. When the tyrants of antiquity were unable or 
unwilling to found their sovereignty on the affoctions and 
interests of their people, they sought to entrench them- 
selves in the strongholds of supernatural inflaence, and to 
I'ulo with the delegated authority of hi:aven. The prince, 
the priest, and the sage, wore leagued in a dai'k conspiracy 
to deceive and enslave their species ; and man who re- 
fused his submission to a being like himself, became the 
obedient slave of a spiritual despotisui, and willingly 
bound himsolf in chains when they seemed to have been 
forged by the gods. 

This system of imposture was gi-catly favoured by the 
ignorance of these early ages. The human miad is at all 
times fond of the marvellous, and the credulity of the 
individual may bo often measured by his own atto'jhment 
to the truth. When knowledge was the property of only 
one caste, it vras by no means difficult to employ it in the 
subjugation of the great mass of society. An acquaintance 
with the motions of the heavenly bodies, and the varia- 
tions in the state of the atmosphere, enabled its possesBor 
to predict astronomical aud meteorological phenomena 
with a frequency and an accuracy which could not fiiil 
to invest him with a divine character. The power of 
bringing down fire &om the heavens, even at times when 
the electric influence was itself in a state of ropoee, could 
bo regarded only as a gift from heaven. The power of 
rendering the human body insensible to fire was aa irre- 
Bistible instrument of impostm'e ; and in tbo combinatioug 



BESOUROES OF THE ANCIENT MAGIC. 91 

of chemistry, and the influence of drugs and soporific 
embrocations on the human frame, the ancient magicians 
found their most available resources. 

The secret use which was thus made of scientific dis- 
coveries and of remarkable inventions, has no doubt 
prevented many of them from reaching the present times ; 
but though we are very ill informed respecting tho 
progress of the ancients in various departments of the 
physical sciences, yet we have sufficient evidence that 
almost every branch of knowledge had contributed its 
wonders to the magician's budget, and we may even 
obtain some insight into the scientific acquirements of 
former ages, by a diligent study of their fables and their 
miracles. 

The science of Acoustics furnished the ancient sorcerers 
with some of their best deceptions. The imitation of 
thunder in their subterranean temples could not fail to 
indicate the presence of a supernatural agent. Tho 
golden virgins whoso ravishing voices resounded through 
the temple of Delphos ; — the stone from the river Pac- 
tolus, whose trumpet notes scared the robber from the 
treasure which it guarded ; — the speaking head which 
uttered its oracular responses at Lesbos ; — and the vocal 
statue of Memnon, which began at the break of day to 
accost the rising sun, — ^were all deceptions derived from 
science, and from a diligent observation of the phenomena 
of nature. 

The principles of Hydrostatics were equally available 
in the work of deception. The marvellous fountain 
which Pliny describes in the Island of Andros as dis- 
charging wine for seven days, and water during the rest 
of the year, — the spring of oil which broke out in Kome 
to welcome the return of Augustus from the Sicilian war, 
— ^the three empty urns which filled themselves with wine 
at the annual feast of Bacchus in the city of Elis, — ^the 
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glaes tomb of Belns which nas full of oil, osd vhich, 
when once emptied bj Xerxes, could not agiin be filled, — 
the weeping Ktataes, and the perpetual lamps of tiie 
ancicnta, — were all the obrions ef^ts of the eqailibrinm 
and pressu'e of fluids. 

Although we have no direct CTidcnce thnt the philo- 
sophers of antiqoitj were skilled in Meclianiirt, yet there 
aro indications of their knowledge, by no means equivocal, 
in the erection of the Egyptian obelisks, and in the 
transportation of hnge masses of stone, and their buV 
Bcqnent elcTation in great heights in their temples. The 
powers which they employed, and the mechanism by 
which they operated, have been studionsly concealed, but 
their existence may be inferred &om results otherwise 
inexplicable, and tho inference derives additional con- 
firmation &om tho mechanical arrangements which seem ■ 
to have formed a part of their religions impostures. 
When in Eome of tbe infamous mysteries of ancient Borne, 
the unfortunate victims were carried off by tbe gods, there 
is reason to believe tbut they were hurried away by the 
power of machinery ; and when Apollonins, conducted by 
tbe Indian sages to tbo temple of tlieir god, felt the earth 
rising and falling benenth bis feet like the agitated sea, 
he was no doubt placed upon a moving floor capable of 
imitating tho headings of tbe waves. The rapid descent 
of those who consulted tbe oracle in the cave of Tro- 
phonius, — the moving tripods which Apollonius saw in 
the Indian temples, — tbe walking statues at Antiam, and 
ia tho Temple of Hierapolis, — and tbo wooden pigcuu of 
Archytaa, are specimens of tho mechanical leBonreos of 
the ancient magic. 

But of all the sciences Optica is tbe most fertile iu 
niarvellouB expedients. Tbe power of bringing the re- 
motest (ibjects within the very graKji of the observer, and 
of swelling into gigantic magnitude the almost invisible 
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boaida ot the materiftl world, uever fails to inspire with 
itstonialiment even those who iinderstaml tlio moans by 
wLicli these prodigies ore oeeomplishcd. Tho ttncientE, 
indeed, were not acquainted ivith those oombinations of 
leuses and mirrors which coustitutu the teleauupe and thu 
microscope, but they must havo been familiar with tho 
property of lenses and mirrortj to form erect and inverted 
images of objects. There is reason to think that they 
employed them to effect the apparition of their gods ; and 
in some of the descriptions of tho optical displays which 
hallowed their ancient temples, we recognize all the 
tranEformntions of the modem phantasmagoria. 

It ivould be an interesting pursuit to embody tho 
information which history supplies respecting the fiibleB 
and incantations of tho ancient supeTHtitions, and to show 
how far they can bo explained by the scientific knowledge 
which then prevailed. This task has, to a certain extent, 
been performed by M. Eusobe Salverte, in a work on the 
occult sciences, which has recently appeared ; but not^ 
withstanding the ingenuity and learning which it dis- 
plays, the individual facts are too scanty to support the 
speculations of the anther, and the descriptions are too 
meagre to satisfy the curiosity of the reader.* 

In the following letters I propose to take a wider 
range, and to enter into more minnto and popular detaUs, 
The principal phenomena of nature, and the loading com- 
binations of art, which boar the impress of a supernatural 
chai'octer, will pass under our review, and our attention 
will be particularly called to those singular illusions of 
sense, by which tho most perfect orgitns either cease to 

" -Wo muBt caution tlie yoang reader against Bome of tlif Tien-a 
given in U. SEilverte'a work. In liia anxiety to accoaut tor cv.iy 
tiling mimcDlous b; tiatural canscB, he hoa ascribed io llic tuuua 
urigin some of tiioee evtnts in sacred bistoi; wliicli Cliriutiiui^ couiot 
m the result of di^riae agency. 
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perfonn their functions, or perform them faithlessly ; and 
where the efforts and the creations of the mind pre- 
dominate over the direct perceptions of external nature. 

In executing this plan, the task of selection is rendered 
extremely difficult, by the superabundance of materials, 
as well as from the variety of judgments for which these 
materials must be prepared. Modern science may be 
regarded as' one vast miracle, whether we view it in 
relation to the Almighty Being, by whom its objects and 
its laws were formed, or to the feeble intellect of man, by 
which its depths have been sounded, and its mysteries 
explored : — And if the philosopher who is familiarized 
with its wonders, and who has studied them as necessary 
results of general laws, never ceases to admire and adore 
their Author, how great should be their effect upon less 
gifted minds, who must ever view them in the light of 
inexplicable prodigies. — ^Man has in all ages sought for a 
sign from heaven, and yet he has been habitually blind to 
the millions of wonders with which he is surrounded. If 
the following pages should contribute to abate this de- 
plorable indifference to all that is grand and sublime in 
the universe, and if they should inspire the reader with a 
portion of that enthusiasm of love and gratitude which 
can alone prepare the mind for its final triumph, the 
labours of the author will not have been wholly fruitless. 
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LETTER 11. 

r/ imporlnitt of our orgatu — Pf-puUir (hacriiiiioii 0/ it — 
Tlie eye ie Ihe moti fertile itysrce of menial tUuilona—Diaappmr- 
n/ ahjeeU vihBH their imagea fall vpm the bau of the optic 
i^Disappearance 0/ oitjerii when teen ofiltjudj — DecepUom 
artii'ig from niewiiig objecti ia a faint light — Ltnalnou) JiipireM 
eret^ed liy jmarara onilie bijb either from eaixnuxl caatee or from 
ihe fidneii of ihe btood-vetteU—Ocalar spectra or accideittal 
colours — Bemarliable e.fecis produced bij inteaie light — Influencs 
of the imagination in vieaing these ipednt — Semarliahle ilhuioa 
produeed by thi» a^eclion of Ihe eye — Oaratian of impreliioTa of 
light on th* eye — Thraimatrope — Improvemenls upon it mggetted— 
Ditappearaace of halvea of ihjedt or of one of tvio persona— Ir~ 
teiuibitiiy of tfia eye to partiailar colours— Bemarliable ofii^eal 
iSusion describe/l. 

Of all the organs by which we acquire a knowledge of 
external mtturo the eye is tlie most remarkable and the 
moat importnnt. By our other senses the information we 
obtain is comparatively limited. The touch and the taste 
extend no further than the surface of oui own bodies. 
The sense of amell is exercised within a very narrow 
sphere, and that of recognizing sounds is limited to tJio 
distance at which we hear the bursting of a meteor and 
the crash of a 'thunderbolt. But the eye enjoys a, 'houad- 
less range of observation. It takes cognizance not only 
of other worlds belonging to the solar system, but of other 
systems of worlds infinitely removed into the immensity 
of space ; and when aided by the telescope, the invention 
of humaa wisdom, it is able to discover the forms, the 
jhenomenaj and the movements of bodies whose distnnca 
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Tbis portion is perieedr ban^arcB^ aad so toi^ti m its 
nature u to d&sd « powerfiil nostanoe to external 
injur. Inunediatelj within the oomea, and in contact 
with it, IB the aqoftmt hnmonr, a clear fluid, which 
ocenpiiefl osij a small part of die front of the eye. Within 
this hmnoiir is the irit, a circular membnine with a imle 
in its centre called the papiL The cotonr of Uie eye 
rendee in thiB metobraiie, which has the enrioos property 
of contncting and expanding so as to diminieli or enlarge 
the pnpil, — an effect which human ingenoily has not 
been able ercn to imitate- Behind the iris is snspended 
the ergftaUitie lens in a fine transparent capsule or bog of 
the Hiune form with iteelf. It iB then succeeded bj the 
tilreoiit htmour, which resembles the tnmspareut white of 
an egg. and fills up the test of the eye. Beliind the 
viteeoos humoar, there is spread out on the inside of the 
oyehoU a fine delicate membrane, called the retina, whioh 
in an expansion of the opiic nerre, entering the back of the 
eye, and common icating with the brain, 

A perspective view and horizontal section of the left 
eye, shown in the annexed fignrc, will convey a popular 
idea of its structure. It is, as it were, a small camera 
obwum, by means of which the pictures of external 



objects are pamtod on the retina, aud in a way of which 
wo are ignorant, it conyeya the impreBsion of them to the 
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ThiB wonderful organ may be conBidercd aa the Bentinel 
which gnarda the priBS between the worlds of matter and 
of spirit, and through which all their communications are 
interchanged. The optic nerve is the channel by which 
the mind pcrusBs the handwriting of Nature on the retina, 
and through which it transfers to that material tjfiblet its 
decisions and its creations. The eyo is consequently the 
principal seat of the supernatural. AVhen the indications 
of the marvellous ore addressed to us through the ear, the 
mind may be startled without being deceived, and reason 
may succeed in suggesting some probable source of the 
illusion by which we have been alarmed : but when tljc 
eye in solitude sees before it the forms of life, fresh 
in their colours and vivid in their outline ; when 
distant Of departed friends are suddenly presented to 
its view ; when visible bodies disappear and reappear 
without any intelligible cause ; and when it beholds 
objects, whether real or imaginary, for whose presence 
an be assigned, the conviction of super- 
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nntural ageuey bocomas under ordinary ckcumstcvnoea 
unavoidable. 

Henco it is not only an nmusing but an nseful occnpa' 
tion to acquiro a l^nowledge of thoee causes which ore 
capable of producing so Btxange a belief, whether it arises 
from the delusions which the mind iiractises upon itself, 
or from the dexterity and science of othera, I shall 
therefore proceed to explain those illusions which have 
their origin in the eye, whether they are general, or only 
occasionally exhibited in particular persons, and under 
particulai circumstances. 

There aro few persons aware that when they look with 
one eye there is some particular object before them to which 
thoy are ftbsolutely blind. If wo look with the right eye this 
point is always about 15° to the right of the object which 
wo aro viewing, or to the right of the axis of the eye or the 
point of most distinct vision. If we look with the left eye 
the point is as far to the left. In order to be convinced ot 
this curious fact, which was discovered by M. Mariotte, place 
two coloured wafers upon a sheet of white paper at the 
distance of throe inches, and look at the left-hand wafer 
with the right eye at the distance of about 11 or 12 inches, 
taking care to keep the eye straight above the wafer, and 
the line which joins the eyos parallel to the line which 
joins tbo wafers. When this is done, and the left eye 
closed, the right-hand wafer will no longer bo visible. The 
same effect will be produced if we close the right eye and 
look with the left eye at the right-hand wafei-. When we 
examine the retina to discover to what part of it this insensi- 
bility to light belongs, we iind that the image of the ut- 
visible wafer has fallen en the base of the optic nerve, or the 
place where thia nerve enters the eye and expands itself to 
form the retina. Thiepointis shown in the precedingfigora 
by a convexity at the place where the nerve enters the eye. 

But though light of ordinary intensity makes no iw- 
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preseion upon this part of tlie eye, a very strong light 
dijos, and even when wo ubq candles or highly luminouB 
bodies in place of wafers the hody does not wholly dis- 
appear, hnt leaves holn'ad a faint cloudy light, without, 
however, giving anything like an image of the ohject ■ 
from which the light proceeds. 

When the ohjecta are while wafers upon a hlaclc ground, 
the white wafer absolutely disappeare, and the space which 
it covers appears to be completely blact ; and as the light 
which mnminatCB a landscape is not much different from 
that of a white wafer, we should espect, whether we use 
one or both eyes,* to fiee a black or a dark spot upon 
every landscape, within 15° of tho point which most 
particularly attracts our notice. The Divine Artificer, 
howeveir, has not left his work thus imperfect. Though 
the base of the optic nerve is inBonsihlo to light that falls 
directly upon it, yet it has been made sneeeptihle of 
receiving lumiuous impressions from the parts which 
surround it, and tho consequence of this is, that when the 
wafer disappeai'S, tho spot which it occupied, ia place of 
being black, has always the same colour as the ground 
upon which the wafer is laid, being white when the wafer 
is placed upon a white ground, and red when it is placed 
upon a red ground. This curious effect may be rudely 
illusti'afed by comparing the retina to a sheet of blotting- 
paper; and the base of the optic nerve to a circular portion 
of it covered with a piece of sponge. If a shower falls 
upon the paper, the protected part will not be wetted by 
the rain which falls upon the sponge that covers it, but in 
a few soconds it will he as effectually wetted by the 
moisture which it absorbs from the wet paper with which 

* Whun bath eyes are open, tbo object wLdsq image Mia iipon 
the insemtible spot nf the one ejn is sei^n by Iba other, so Uiat thougli 
It JH not invisible, ;pt it will only be half as lumjuoua, and therefore 
two clnrk Hpuls ought to he seen. 
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it ia florrounded. In like manner the insensible spot on 
the retina is stimulated by a borrowed ligiit, and tbo 
apparent defect Ib bo completely removed that its esiBt- 
enoe can be doteimined only bj the experiment alrewly 
described. 

Of the same chai'acter, but far more general in its effects, 
and important in its consequences, is another illusion of 
the eye which presented itself to me several years ago. 
When the eye is steadily occupied in viewing any parti- 
cular object, or when it takes a fixed direction while the 
mind is occupied with any engrossing topic of speculation 
or of grief, it suddenly loses sight of^ or becomes blind to, 
objects seen indirectly, or upon which it ia net fully 
directed. This takes place whether we use one or both 
eyes, and the object which disappears wUl reappear with- 
out any change in the position of the eye, while other 
objects will vanish and revive in succession without any 
apparent cause. If a sportsman, for example, is watching 
with intense interest the motions of one of his dogs, his 
companion, though Been with perfect clearness by indirect 
vision, will vanish, and the light of the heath or of the 
sky will close in upon the spot which ho occupied. 

In order to witness this illusion, put a little hit of 
white paper on a green cloth, and within three or four 
inches of it, place a nari'ow strip of white pajjor. At the 
distance of tivelvo or eighteen inches, fix one eye steadily 
upon the little bit of white paper, and in a shoi-t time a 
part or even the whole of the strip of paper will vanish as 
if it had been removed from the green cloth. It will 
again reappeai', and again vanish, the effect depending 
greatly on the steadiness with which the eye is kept fixed. 
This illusion takes place when both the eyes are open, 
though it ia easier to observe it when one of them is 
closed. The some thing happens when the object is 
luininons. When a candle is thus seen by indirect vision, 
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it never wholly disoppears, but it spreads itself out into n 
cloudy mass, the centre of which is blue, encircled with a 
bright ring of yellow light. 

This inability of the eye to iii'eEei've fi sustained vision 
of objects seen, obliquely, is curiously compensated by 
the greater sensibility of those parts of the eye that have 
this detect. The eye baa the power of seeing objects 
with perfect distinctness, only when it is directed straight 
npon them; that is, all objects seen indirectly are seen 
indistinctly ; but it is u curious circumstance, that when 
we wish to obtain a sight of a very faint star, such as one 
of the satellites of Saturn, wo can see it most distinctly 
hi/ looking ateai/ from it, and when the oye in turned full 
upon it, it immediately disappears. 

Effects still more remarkable aro produced in the eye 
when it views objects that are difficult to be seen from the 
email degree of liglit with wtiub they happen to be 
illuminated. The imperfect view which we obtain of 
such objects forces us to fix the eye more steadily upon 
them ; bat the more exertion wo make to ascertain what 
they are, the greater difficulties do wo encounter tu 
accomplish our object. Tho eye is actuaUj tbi-own into a 
state of the most painful agitatdun, the object mil swell 
and contract, and partly disappear, and it will again 
become visible when the eyo has recovered from the 
delirium into which it has been thrown. This phenomenon 
may be most distinctly seen when the objects in a room 
ore illuminated with the feeble gleam of a fire almost 
estinguishcd ; but it may be observed in daylight by tho 
sportsman when he endeavours to mark upon the raono- 
tonons heath the particular spot where moor-game bos 
alighted. Availing himself of the slightest difference of 
tint in the adjacent heath, he keeps his eye steadily fixed 
on it as he advances, but whenever the contrast of illumina- 
tipu is feeble, he will invariably lose sight of his maA 
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and if the retina is capable of talcing it up, it is only to 
lose it ft Bccond time. 

'Ilm Ulosion IB likely to be most cfiicacions iu the 
(lark, when there is just eofficient light to render white 
objects faintly visible, and to persons who are cither timid 
or cfednlons mtiEt prove a &eqnent Bonrce of alarm. Its 
influence too is greatly aldiKl by anotlier condition of tho 
eye, into which it is thrown during partial darkness. 
The pupil expands nearly to the whole width of the iris 
iu order to collect the feeble light nhich prevails; but it 
ia demonstrable that in this state the eye cannot accom- 
modate itself to eoe near objects distinctly, so that the 
forms of persons and things actually become more shadowy 
and confused when thoy come within the very distance 
at which we count upon obtaining the best view of them. 
These affections of tho eye are, wc are persuaded, very fre- 
quent causes of a particular class of apparitions which are 
s«ien at night by the young and tlie ignorant. The spGctros 
which are conjured up are always while, because no other 
colour can be seen, and they are either formed out of inani- 
mate objects which reflect more light than others around 
thom,orof animals or human beings whose colour or change 
of place renders them more visible in the dark. When 
tlio eye dimly descries an inauiuiato object whose diflercnt 
parts reflect different degi-cea of light, its brighter parts 
may enable the spectator to keep np a eontinned view of 
it ; but the disappearance and r[:appeanLnce of its fainter 
parts, and the change of shape which ensues, will ne- 
cessarily give it the scmhlauco of a living form, and if it 
occupies a position which is unapproachable, and where 
animate objects cannot find their way, the mind will soon 
transfer to it a supernatural existence. In like manner a 
human figure shadowed forth in a feeble twilight may 
undergo similar changes, and after being distinctly seen 
while it is in a situation favourable for receiving aiad 
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wflectiug light, it may Euddonly dienppcar in a position 
fully before, and within the reach of, the obseryer'B oye; 
and if this evanescence takes place in a path or road 
where there was ao side-way by which the figure could 
escape, it is not easy for an ordijmry mind to efface the 
impression which it cannot fail to receive. TJuder such 
ciicomstancea, we never think of distrusting an organ 
which we have never found to deceive uh ; and the trath 
of the masim that " seeing is believing," ia too universally 
admitted, and too deeply rooted in our nature to admit on 
any occasion of & single exception. 

In these observations we liave supposed that the spec- 
tator bears along with him no fears or prejudices, and ia 
a faithful interpreter of the phenomena presented to Iiis 
sensoB ; but if he is himself a believer in apparitions, and 
unwilling to receivo an ocular demonstration of their 
reality, it is not difficult to eonceivo the picture which 
will be drawn when eiteiual objects are distorted and 
caricaturcd by the imperfect ' indications - of his senses, 
and coloured with all the vivid hues of the imagination. 

Another class of ocular diiceptiona have thoir origin 
in a property of the oye which bos been very imperfectly 
examined. The fine nervous fabric which constitutes tho 
retina, and which extends to tho lirain, has the singular 
pi-operty of being phosphorescent hy preeaure. When we 
press the eyeball outwards by- applying the point of tho 
finger between it and the nose, a circle of light will bo 
seen, which Sir Isaac Newton describes as "a circle of 
colours like those iu the feather of a peacock's tail." He 
adds, that "if the eye and tho finger remain quiet, these 
colours vanish in a second of time, but if the finger be 
moved with a quavering motion they appear again." In 
the numerous observations which I have made on those 
luminous circles, I have never been able to observe any 
colour bnt white, with the evception of a general red 
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tioffi viack >■ Been when lim «fdidt an < 
wfaich is [codoced by the li^t wiaeii pa« 
tfaeai. The hnnmooB circleB too alwtj^ cantinDa * 
die prM gnre is qiplied, aad tlie; msj be produced aa 
italHj after the eye has been long in darknese >« when it 
has been recently exposed to light When the pressore 
i> very gently applied, so as to cotnpreas the fine jnilpj 
mbtftance of the tetiiia, light is inunedistclj created 
arhen the eje is in total darkness ; and when ia this ^te 
light is allowed to &I1 npon it, the part compressed is 
more nensible to light than any other part, and ctmae- 
qncntly appears more Imuinoas. If we increase the 
pressnre, the cyebalL being filled with incompreeeiblo 
flnida, will protrade all roimd the point of pressure, and 
consequently the retina at the protmiled part will be 
amjiretsed by the oatward pressure of the contained fluid, 
while the retina on each side, namely, under the point uf 
pressure and beyond the protmJed part, will be drawn 
towards the protruded part or dilated. Hence the part 
nndcr the finger which was originally compressed is now 
dilated, the adjacent parts cmnjoreesed, and tiie more 
remote parts immediately without this dilated also. Now 
we hare observed, that when, the eye is, nnder these 
circuniatanceB, csposed to light, tliere is a bright luminous 
circle shading off externally and internally into total 
darkness. We ate led therefore tti the important con- 
clusions, that when the retina is compressed in total 
dnrknosH it gives out light; that when it is compressed 
when cxpused to light, its sensibility to light is increased ; 
and t!mt when it is dilated under exposure to light, tl 
hfcomcs ahsolulejy blind, or Jnseniible to all luminoug im- 
preaioiu. 

When the body is in a state of ])crfect health, this 
pbusphoroscenco of the eye shows itself on many occasions. 
When the eye oi the head receives a siiddca tdow, a 
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bright flneli of light shoots from the eyobnll. In the ac^ 
of Bcccziug, glenms of light fuo emitted fi'oni each eye, 
both during tho inhalation of the air, and during its 
subsequent protrusion, and in blowing air violently 
through the nostrils, two patches of light appear above 
tbe axis of the eye and ia front of it, while other two 
luminouB epota iiuito into one, and appear as it were 
about the point of the nose when the eyes are directed to 
it. When we turn the eyeball by the action of its own 
muBcles, the retina is affected at the ploco where the 
muBcles are inserted, and there may be seen opposite 
each eye and towards the nose, two semicircles of light, 
and other two extremely faint towards the temples. At 
particular times, when the retina is more phosphoresoent 
than at others, these Bemicircles ore expanded into 
complete circles of light. 

In a state of indisposition, the phosphoreBcence of the 
retina appears in new and more alarming forms. When 
the stomach is under a temporary derangement accom- 
panied with headache, the pressure of the blood-vessels 
upon the retina shows itself, in total darkness, by a faint 
blue light floating before the eye, varying in its shape, 
and passing away at one side. This blue light increases 
in intensity, becomes green and then yellow, and Bometimoa 
rises to red, all these colours being frequently seen at 
once, or the mass of light shades off into darkness. When 
we consider the variety of distinct forms which in a state 
of perfect health the im^ination can conjure np when 
looking into a burning fire, or upon an irregularly shaded 
surface," it is easy to conceive how tho masses of colomrcd 

• A very carioua eiamplB of tho inflcBDce of the icoaginalion in 
creating dietmct fonuB out of an irregularly shaded mirlacG, is 
mcntioucd in tiio life of Peter Heaman, a Sweden who was oxt>cuted 
for piracy aad murder at Leitli in 1S22. We giyo it in hia own 
woids : [" Qua 
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li^ wUd btf befcn the ejv ^j be mcMUed by Uie 
nsK power inlo tboK bnlMtie sod iwlwil lihapwi niriclt 
to tt&ea Innt tba eowli td &s ianlid, e*en whoa IIk 
■ (tf the niwBiw 

Wiiwhw— is pttidaetA I7 pnaam i^ot tite optic Bene, 
or upon tbe letim, sad aadtf tlie ataJaHmiot tew or 
deliritno, trboi ifae ph jneal cuue wlucb prodneea ^ectnl 
tonua ia at iU height, there is snpezadded I'poweifiil 
influence of the mind, which inqiute « new chumeter to 
the {dtantaams of the stmseB. 

In order to complete the hifitoty of the illaaoBS wliieh 
originate in the eje. it will be neceeeuj to give sraoe 
accoimt of the phenomena called ocular gpedra^ or tuei- 
dental eaiowt. If we cnt a figure out of red paper, and 
placing it on a Hheet of white paper, view it Gteodily for 
some seconds wiUi one or both eyes fixed oa a particolar 
part of it, WG shall observe the red colour to become leaa 
brilliant. If we then tnm the eje from the red figure 
opon the white paper, we shall see a distinct green figure, 
which is the tpeetram, at accidental colour of the rarl 
fignto. With difTereutly coloured figures we shall ob- 



" Ono rGmarltallu lliiiig iroa. one day as we mpnded a soil, il 
being IL verj tLiii one, eCtcr laying it npon deck in folde, I took tlie 
tu-bnult and tarred it over iu the places whicli I thought needed 
to bo atreDgtbened. But when we bainted it up, I was aatoniahed 
to see that tbo tar I bod put upon it repteBcnted a gallows and a 
n uodti' it without a head. Ttie head woa lying beside him. He 
wu complete, body, tliigbs, 1e^, amu, and \a every sbnpe like a 
man. Now, I otU'utiiiica ojoilc remarkB upon it, and repeated them 
to Iha othota. I alwaj'B said (o them all, you may depend upon it 
Ihat Bomething wiU liappeu. I aflciwaiils took down tbe mil 
on a coIbi day, and lewed a piece of canvas over Uig figure to cover 
It, tbr 1 cuuld not bear lo hitve it ulwuyx btforc my eyeu.' 
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I 



ently coloured 


spech'a, as in the following 


CokflroiUm 


Colour 01 llaSpsB- 


Otlfinal liKQnH. 


"■'' "g™«- 


E«l, 


Bluish-green. 


Orange, 


Blue. 


TeUow, 


Indigo. 


Green, 


EcdcUBli- violet. 


Blue, 


Orwige-reil. 


Indigo, 


Orange-yellow. 


^olet, 


Yellow. 


Wiite, 


Black. 


Blaok, 


White. 



The two last of these eiperiniente, viz., white and black 
figures, may be satisfactorily made by using & white 
medallion on a dark ground, and a black profile figui'o. 
The spectiTim of the foimer will be found to be black, 
and that of tlie latter white. 

These ocular speetta often show themselves without 
iny eflbrt on onr part, and even without our knowledge. 
In ft highly -painted room illuminated by the sun, thoso 
parts of the furniture on wbieb the sun does not directly 
fall have always the opposite or accidental colour. If 
the sun shines through a chink in a Ted window-curtain, 
its light will appear flceen, varying, as in the above table, 
with the colour of the curtain; and if we look at the 
image of a candle reflected from the water in a blue 
finger glass, it wiU appear yellow. 'Whencvor, in short, 
the eyo is affected with one prevailing colour, it sees at 
the same time the spectral or accidcntfil colonr, just as 
when a musteal string is vibrating, the ear hears at the 
same time its fundamental and its harmanic sounds. 

If the prevailing light is icliiie and tery gtrony, the 
spectra which it produces are no longer black, bnt of 
variona coloui's in succession. If we look at the sun, for 

juple, when near the horizon, or when reflected from 
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gloBB or water, so as to moderate its brilliancy, and keep 
the eye upon it steadily for a few seconds, we shall see 
even for hours afterwards, and whether the eye is open 
or shut, a spectre of the eim varying in its colours. At 
iirst, with the eye open, it is browmah-red with a tky-blae 
border, and when the eye is shut, it is (jreen with a red 
border. The red becomes more brilliant, and the blue 
more vivid, till the impression ia gradually woi'u off; but 
oven when they become very faint, they may bo revived 
by a gentle pi-essure on the eyeball. 

Some eyes are more susceptible than others of these 
spectra] impressions, and Mr. Boyle mentions an indi- 
vidual who coutinned for years to see the spectre of the 
sun when he looked upon bright objects. This fact 
appeared to Locke so interesting and inexplicable, that he 
consulted Sir Isaac Newton respecting its cause, and 
drew from him the following interesting aocotint of a 
similar effect upon himself: " The observation you mention 
in Mr. Boyle's book of colours, I once made upon myself 
with the hazard of my eyes. The manner was this : T 
looked a Tory little while upon the sua in the looking- 
glass with my right eye, and then turned my eyes into a 
dark comor of rnj chumber, and winked, to observe the 
impression made, and the circles of colours which encom- 
passed it, and how they decayed by degiees, and at last 
vanished. This I repeated a second and a third time. 
At the third time, when the phantasm of light and 
colours about it were almost vanished, intending my 
fancy upon them to see their lost appearance, I found, to 
my amazement, that tbcy began to return, and by little 
aud little to become as lively and vivid as when I had 
newly looked upon the sun. But when I ceased to intend 
my fancy upon them they vanished again, After this, I 
found that, as often as I went into the dark, and intended 
my mind upon them, as when a man looks earnestly to 
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Bee anything which is difficult to be seen, I could make 
the phantisin return without looking any more upon the 
Buu ; and the oftener I made it return, the more easily I 
could make it return again. And at length, by i-epeating 
thie without looking any more upon the sun, I made euch 
an impression on my eye, that, if I looked upon tho 
clouds, or I) book, or any bright object, I saw upon- it a 
round bright spot of light like the sun, and, which is still 
straagor, though I looked upon tho sun with my right 
eye only, and not with my left, yet my fancy began to 
make an imprcBsiou upon my left eye as well as upon my 
right. For if I shut my right eye, and looked upon a 
book or tho clouds with my left eye, I could sea the 
spectrum of the sun almost ae plain as with my right eye, 
if I did but intend my fancy a little while upon it ; for at 
first, if I shut my right cyo, and looked with my loft, tho 
spectrum of the suu did not appear till I iutonded my 
fancy upon it; but by repeating, this appeared evoiy time 
more easily. And now in a few hours' time I had brought 
my eyes to such a pasa, that I could look upon no bright 
object with either eye hut I saw the sun before me, so 
that I durst neither write nor read; but to recover tho 
UBO of my eyes, shut myself up in my cliambor made 
dark, for throe days together, and used all means in my 
power to direct my imagination from the sua. For if I 
thought upon him, I presently saw his picture, though I 
was in the dark. But by keeping in the dork, and cm- 
ploying my mind about other things, I began in three or 
four days to have more use of my eyes again ; and by 
forbearing to look upon bright objects, recovered them 
pretty well ; though not so well but that, for some months 
after, tho epectrams of the sun began to return as often 
ae I began to meditate upon tho pheuomonB, even though 
I l»y in bed at midniglit with my eurtaine di'awn. But 
now I have been very well foi many years, though I un 
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npt to thiolc, if I durst venture my eyes, I could still 
mako tho phantafim return by the power of ray fancy. 
Tliis etory 1 tell you, to lot you imderetanil, that in the 
obsGi'yittioa reiated hy Mr. Boyle, the mBa's fancy 
probably coEcurrcd with tho impression made by the 
Buu's light to produce that phantasm of the sun which he 
constantly saw in bright objects."' 

I am not aware of any effects that had tho character of 
supcrn[),tnral having been actually pruduccd by the canseB 
above described ; but it is obvious, that, if a living figure 
bod been projected against the strong light which im- 
printed these durable spectra of the sun, which ra.ight 
really happen when tho solar rays are reflected from 
water, and diffused by its ruffled surface, this figure would 
have necessarily accompanied all the luminous spectres 
which the fancy creatod. Even in ordinary lights strange 
appearances may be produced by even transient impres- 
sions, and if I am not greatly raistalten, the case which 
I am about to mention is not only one which may occur, 
but which actually happened. A figure dressed in black 
and mounted upon a ivkite horse was riding along exposed 
to the bright rays of tho sun, which, through a email 
opening in the clouds, was throwing its light only upon 
that part of tho landscape. Tho blnek figure was pro- 
jected against a white clond, and the white horse shone 
with particular briUianey hy its contrast with tho dark 
soil against which it was seen. A person interested in 
the arrival of such a stranger had been fur some time 
following his raoveraents with intense anxiety, but upon 
his disappeorance behind n wood, was Burprised to observe 
the spectre of the mounted stranger in the form of a wJiite 
rider upon a Mack steed, and this spectre was seen for 
some time in tho sky, or upon any pale ground to which 
the eye was directed. Such an occurrence, especially if 

* See the EdiiAargh EitcyclopBdia, AiL AccniEtJTAL Oolociu. 
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aocoiapanied with a Buitable combination of events, might, 
oven in modern times, have formed a cliapter in the history 
of the niarToIlouB. 

It IB a curious circumBtanco, that when the imago of 
on object is impressed upon tho retina only for a few 
moments, the picture which is left is exactly of the samo 
colour with the object. If we look, for esample, at a 
irindow at some distance irom the eye, and theu transfer 
the eye quickly to tho wall, we shall see it distinctly but 
momentarily with light panea and darh bars ; but in a 
space of time incalculably short, this picture is suceoedEd 
by the specti'al impression of the window, which will con- 
sist of hladc panes and white bars. The similai' spectrum, 
or that of tho same colour na the object, is finely seen in the 
experiment of forming liuninous circles by whirling round 
a burning stick, in which case the cireloa are always red. 

In virtuo of this property of the eye on object may bo 
seen in many places at once ; and we may even exhibit 
at the sameinstant the two opposite sides of the same object, 
or two pictures painted on the opposite sides of a piece of 
card. It was found by a French philosopher, M. D'Arcot, 
that the impression of light continued on the retina about 
the eighth part of a second after the luminous body was 
withdrawn, and upon this principle Dr. Paris has con- 
structed tlio pretty little instnunent, called tho "Xlianmii- 
(ropc, or tho Wondcr'tumnr. It cunsists of a number uf 
circular pieces of card about two or three inches broad, 
which may be twii'Ied round with great vehwity by tho 
application of the forefinger and thumb of each hand 
to pieces of silk string attached to oppoaite points of 
their circumference. On each side of the circular piece 
of card is painted part of a picture, or a part of a figure, 
in such a manner that tho two parts would form a group 
or a whole ligure if we could see both sides at once, 
Harlequin, for esample, is painted on one aide, and 
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Columbine on the other, so that by twirling round the 
card the two are seen at the samu time in their nsniLl 
mode of combination. The body of a. Turk ib drawn on 
one side, nud his head on the reverse, and by the rotation of 
the card the head is replaced upon his shoulders. The 
principle of this illusion may be extended to many other 
contrivances. Part of a sentence may be written on one 
Bide of a card and the rest on tho reverBo. Particnlar 
letters may ho given on one side, and others upon the 
other, or evon halves or parts of each letter may be put 
upon each side, or all these contrivonceB may be com- 
bined, BO that the sentiment which they cxpresB can bo 
understood only when all the scattered parts are united 
by the revolution of the card. 

Ab the revolving card is virtually transparent, so that 
bodies beyond it con be seen through it, the power of 
the illusion might be greatly extended by introducing 
into the pictnro other figures, cither animate or inanimate. 
The Betting sun, for example, might bo introduced into a 
landscape ; part of the flame of a fire might be seen to 
isauB from the crater of a volcano, and cattle grazing in a 
field might make pai't of the revolutionary landscape. 
For Buch purpoBcB, however, the fonu of the instrument 
would require to be completely changed, and the rotation 
should be effected round a standing axis by wheels and 
pinions, and a screen placed in tront of tho revolving 
plane with open compartments or apertures, through 
which the principal figures would appear. Had the 
principle of this instrument been known to the ancients, 
it would doubtless have formed a powerful engine of 
delusion in their temples, and might have been raoro 
oficctive than the optical means which they seem to have 
employed for producing the apparitions of their goda. 

In certain diseased conditions of the eye effects of a 
veiy remarkable kind are produced. The faculty of seeing 
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objects double is too couunoii to be tiotio3<l an rQinarkaible ; 
and tboDgh it may toko place with only one eyo, yet, bb 
it generally ariEcs from a transient inability to direct tbe 
axes of both eyes to the same point, it excites little notice. 
That slate of tbe eye, bowever, in which we lose sight 
of half of every object at wbieb we look, is more alarming 
and more likely to be ascribed to tbe disappearance of 
part of tbe object than to a defect of sight. Dr. Woliaston, 
who experienced this defect twice, informs us that, after 
taking yiolent exercise, be " suddenly fomid thnt he could 
see but half of n man whom be met, and that, on attempt- 
ing to read the name of JOHNSOM" over a door, he saw 
only SON, the commencement of tho name being 

wholly obliterated from bis view," In this instonce, tbe 
part of tbe object wbieb disappeared was towards bis left, 
bnt on a second occurrence of the same affection, the part 
which disappeared was towards his right. There are 
many occasions on wbieb this defect (^ the eye might 
alarm tbe person who witnessed it for the first time. At 
certain distances from tbe eyo one of two persons would 
necessarily disappear ; and by a slight change of position 
either in the observer or the person observed, tho person 
that vanished would reappear, while tbe other would 
disappear in his turn. The circumstances under which 
tliese evanescences would take place could not be supposed 
to occur to an ordinary observer, even if be should be 
nware that tbe canse bad its origin in himself. When 
a phenomenon go strange is seen by a person in perfect 
health, as it geneiiilly is, and who has never bad occasion 
to distrust tbe testimony of his senses, be can scarcely 
refer it to any other cause than a supernatural one. 

Among tbe affections of tbe eye which not only deceive 
the person who is subject to them, but those also who 
witness tbeir operation, way be enumerated tbe insensi- 
bility of the eye to particular colours. This defect is not 
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ftccompanied witL any imperfection of viaior 
with any disease either of a local or a geneml nature, and it 
has hitherto been obeeryed in perBoaa who poseoBS a strong 
and B sharp sight. Mr. Hnddart huB described the case of 
one Harris, a shoemaker, at Marypoili, in Cumberland, 
who was subject to this defect in a very remarkable 
degi-eo. He Beome to have beon infiensible to every 
colour, and to have been copable of recognizing only the 
two opposite tints of black and tohite. " His first suspioion 
of this defect arose when he was about four years old. 
Having by accident found in the street a child's stocking, 
he carried it to a neighbouring house to inquire for the 
owner ; he observed the people call it a red sioeking, 
though ho did not understand why they gave it that 
denomination, as he himself thought it completely de- 
scribed by being called a stocking. The ciicumstaace, 
however, remained in his memory, and, with other subse- 
quent observations, led him to the knowledge of his defect. 
He observed also that, when young, other children coidd 
discern cherries on a tree by some pretended difference 
of colour, though he could only distinguish them from 
the leaves by their difference of size and shape. He 
observed also that, by means of this difference of colonr, 
they could see the cherries at a greater distance than ho 
could, though ho conld sec other objects at as great a 
distance as they, that is, where the sight was not assisted 
by the colour." Harris had two brothers whose perception 
of colours wBB nearly as defective as his own. One of 
these, whom Mr. HudJavt examined, constantly mistook 
liifht green for i/ellow, and orange for grass rp-een. 

Mr. Scott has deseribed in the Philosophical Transac- 
tions his own defect in perceiving colours. He states 
that ho does not know any green in the world ; thit a fink 
colour and a pale blue are perfectly alike ; that he hw 
often thought a fidt red and afaU grem a good match ; 
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is BomGtunes baffled in distinguiEltiiig a full purjile 

l>from B. deep blue, but that he knowB light, durk, and 

I ttiddlo yelloaa, and all degrees uf Mue escept sky-hluB. 

Ti'iod my daaghter to a genteel, worthy nitiD, a few 

I jears ago : tbo day before the marriage hs oamo to my 

i lumse dreseed in a. new suit of fine cloth clothes. I was 

r mnch displeased that he should come, as X supposed, ia 

Vilocit ; and said that he should go hack to change his 

r colour. Bat my daughter said, No^ — No; the colour ia 

I very genteel ; that it was my eyes that deceived me. He 

I was a gentleman of the law, in a fine rich claret-coloured 

I'dtoss, which is as much a black to my eyes as any black 

l.that ever was dyed." Mr. Scott's father, his njatcmal 

I vnclc, one of hie eistCTS, and her two eons, had all the same 

mperfectioii. Dr. Nichol has recorded a case where a 

naval of&cer pui'chased a Um uniform coat and waistcoat 

with red breeches to match the hlue, and Mr. Harvey 

describes the case of a tailor at Plymouth, who, oa one 

occasion, repaired an article of dress with crimson in place 

4hlack silk, and on another, patched the elbow of a hlue 

loat with n piece of a-'imscm cloth. It deserves to be 

marked that our celebrated countrymen the late Mr. 

Bpugald Stewart, Mr. Dalton, and Mr. Troughton, have b 

,1- difficulty in distinguishiug colours. Mr. Stewai-t 

red this defect when oue of his family was adminug 

3 beauty of tlio Silicrian crab-apple, which lio coidd not 

distinguish from the leaves but by its form and size. 

r. Dalton cannot diatinguiwh hlue from pink, and the 

Mlar specttum cuusists only of two colours, yelloio and 

jUuc. Mr. Troughton regards red, ruddy pinkg, and 

Iliant oi-aii//!-^, as yeXlowg, and greens an blues, so that 

u ie capable only of appreciating blue and yeUmn colours. 

In all those eases which have been carefully studied, 

|«t least in thi'ec of them in which I have had the advau- 

laking personal observationB, namely, those of 
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Mr. Troughton, Mr. Dalton, and Mr. Liston, the eyo 
is capable of seeing the whole of the prismatic spectrmn, 
the red space appearing to bo yellow. If the red spoco 
consistecl of homogeneona or siiaple red rays, we shoold 
be led to infer that the eyes in question were not insensible 
to red light, but were merely incapable of discriminating 
between the impressions of i-ed and yollow light. I have 
lately ahovm, however, that the prismatic spectrmn 
consists of three equal and coincident spectra of red, 
•yeSow, and hlae light, and consequently, that much yellow 
and a small portion of blue light exist in the red space; 
— and honco it follows that thoso eyes which sec only 
two colours, viz., yellow and hlue, in the spectrtiin, are 
really insensihlo to the red light of the spectrum, and 
see only the yellow with the small portion of blue with 
which the red is mised. The faintness of the yellow 
light which is thus seen in the red space, coiifirnis tho 
opinion that the retina haB not appreciated the influence 
of the aimplo red rays. 

Kone of the two travellers who, in the fable of the 
chameleon, are made to quarrel about tho colour of that 
singular animal, had happened to possesa this defect of 
sight, they would have encountered at every stop of their 
journey new grounds of dissension without tho chance 
of finding an umpire who could pronounce a satisfactory 
decision. Under certain circumstances, indeed, tho arbiter 
might set aside the opinions of both the disputants, and 
render it necessary to appeal to some higher authority 
— — - to iit'B liu'd tell 'em if lie knew 
Whether tlin thing was ceil or Wne. 

In the course of writing the preceding observations, an 
ocular illusion occurred to myself of so extraordinaiy a 
nature, that I am convinced it never was seen before, and 
I think it far from probable that it will ever bo hocii 
again. Upon diiecting my eyes to the candles that were 
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standing before me, ! ivaa fiurpn'sed to obserro, ftpporently 
among my hair, anil nearly strnigbt above my head, and 
lor without the mngo of vision, a distinot image of one 
of the conilles inolincd about 4.5° to the korizou, as shown 
Rt A in Fig. 2. Tho image was as distinct and perfect 




ns if it Lad been formed by reflexion from a piece oi 
mirror glass, though of course much less brilliant, and 
tbo position of the image proved that it mnst be formed 
by reflexion from a perfectly flat and higlily-polished 
snrfaco. But wliero such a surface coidd be placed, 
and how, even if it wero fixed, it could reflcet the image 
of the candle np through my head, wei'c difficnlties not 
ftlittle perplexing. Thinking that it might he something 
lodged in the eyebrow, I covered it up from the light, 
but the imago still retained its place. I then examined 
the eyelashes with as little snceess, and was driven to the 
estremo supposition that a crystallization was taking 
place in some part of tlie aqueous humour of the eye, anci 
that the imago wan formed by tho refloxioii of the light 
jif the candle from one of the crystalline faces. In thie 
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Htttta of nnccrtainty, and, I may add, of anxiety, for this 
last supposition was by no moans an agreeable one, I sot 
mjHelf down to examine tbo phenomenon experimentally. 
1 found that the imago varied its place by the motion of the 
honil and of the ojeball, which proved that it was either 
attached to the eyeball or occupied a place where it was 
affected by that motion. Upon inclining the candle at 
different angles the imago suffered corresponding variationB 
of position. In order to determine the exact place of the 
reflooting Bubstanco, I now took an opaque circular body 
and held it between the eye and the candle till it eclipsed 
the mysterious image. By bringing the body nearer and 
nearer the eyeball till its shadow became sufBciently 
distinct to he seen, it was easy to determine the locality 
of the reflector, because the shadow of the opaque body 
must fall upon it whenever the image of tha candle was 
eclipsed. In this way I ascertained that the refl.ectiQg 
body was in the upper eyelash, and I found that, in con- 
Bequenco of being disturbed, it had twico changed its 
inclination, so as to represent a vertical candle in the 
horizontal position B, and afterwards in the inverted 
position C. Still, however, I sought for it in vain, and 
even with the aid of a magni£er I could not discover it. 
At last, however, ftlrs. B., who possesses the perfect vision 
of short-sighted poi'sons, discovered, after repeated eiami- 
nations, between two eyelashes, a minute speck, which, 
upon being removed with great difficulty, turned out to ho a 
chip of red was not above the hundredth part of nu inch 
in diameter, and having its surface bo perfectly flat and 
BO highly polished that I could see iu it the samo image 
of the candle, by placing it extremely near the eye. This 
chip of wax bad no doubt received its flutueBs and its 
polish from the siu-face of a seal, and had started into my 
eye when breaking the seal of a letter. 

That this reflecting substance was the cause of the 
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of the candle cannot admit of a doubt ; bnt the 
wonder Btill remams haw the images which it formed 
occupied so myGtcriouB a placo as to ho seeu without 
the range of yision, and appareutly through the head. Tn 
order to eiplain this, let m n. Fig. 2, be a lateral view of 
the eye. The chip of was was placed at m at tho root of 
the eyelashee, and being nearly in contact with the outer 
eurface of the cornea, the light of the candle which it re- 
flected passed very obliquely through tho pupil and fell 
upon the retina somewhere to tiie left of n, very near 
where the retina terniinafes ; but a ray thus falling 
obliquely on the retina is seen, in virtue of the law of 
visible direction already explained, in a lino n C perpen- 
dicuiar to the retina at the point near n, where the ray 
felL Hence the candle was neccasarily seen through the 
head as it were of the observer, and without the range of 
ordinary vision. The comparative brightness of the re- 
flected image still am'prisefl me ; bnt even this, if the 
image really was brighter, may be explained by the fact, 
that it was formed on a part of the retina upon whioh 
light had never before fallen, and which may therefore 
be BuppoHod to be more sensible, than the parts of the 
membrane in constant use, to luminous impressions. 

Independent of its interest as an example of the mar- 
vellous in. vision, tho preceding fact may bo considered ns 
a proof that tho retina retains its power to ita very ter- 
mination near the ciliary processes, and that tlie law of 
visible direction holds true oven without the range of 
ordinary vision. It is therefore possible that a reflecting 
Burfnco favourably placed on the oufeide of the eye, or 
that a reflecting surface in the inside of the eye, may 
ctmae a luminous image to fall neai'ly on the estremo 
mai'gin of the retina, the consequence of which would ho 
that it would be seen in tho back of the head half woy 
between a vertical and a horizontal line. 
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Slttjleci o/speclral iRasloni — Becent and iiilernHag ctue o/Mra, A. — 
Ser first illaeivn affecting (he ear — Spedral appaTiiian of iter 
hvibasid — Spentral apparition of a cat — AppaTilion of a near 
and living Tdaliaa in grave-dolhea seen I'n a lookiitg-glaes—OOter 
iUmioui affecting the ear — Spedre of a deceaeed friend aitUng in 
an eaey-diaiT—Spectre of a coach a<id four filed with ikddm* — 
Aeeumey and value of Oie preceding cases— S(aie of lieaWt tinder 
wliiek Uiey aroie — Speetral apparitiofi$ are jneturei on the retina 
— TIte ideal of memory and imagination are aito pidure-e on the 
retina — General vieae of the etjijeri — Appracimaie expla'Datiort of 
ipedrat apptiTiiions. 

The preceding account of the different Bouiees of illnBion 
to which the oyo is sahject, is not onlj ueeful as iadicatiiig 
the probable cause of any individunl deception, bat it haa 
a special importance in preparing the mind for understand- 
ing those more vivid and permanent spectral iUusians to 
which some individuals have been either occasionally or 
habitually subject. 

In those lesser phenomena wo find the retina bo power- 
fully influenced by external impreBsione bb to retain the 
view of visible objects long after they are withdrawn ; wo 
observe it to be so excited by local pressures of which we 
sometimes know neither the nature nor the origin, as to 
see in total darkness moving and shapeless masses of 
coloured light ; and we find, as in the caso of Sir Isaac 
Newton and others, that the imagination haa the power 
of reviving the impressions of highly-luminous objects, 
months and oven years after they wore first mado. From 
such phenomona, the mind feels it to be no violent t 
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Ildaii to pass to tboBo BpectrnI illumons wliicli, in poi'ticnlai 
Mtatea of health, have haunted the most intelligent indi- 
jridnids, not only in tho brood light of day, but in tho 
jwry heart of the sotial circle. 
This curious subject has been bo ably and fully treated 
in your Lotters on Demonology, tbnt it would be presump- 
tuouB in me to resume any part of it on ivhidi you have 
even touched ; but as it forms a necessary branch of a 
Treatise on Natural Magic, aud ns one of the most remark- 
able caaes on record has come within my own knowleilgo, 
I shall make no apology for giving a full aecount of tlic dif- 
ferent spectral appearances which it embracei;, and of odiling 
the results of a series of observations and experiments on 
■which I have been long occupied, with the view of throwing 
some light on this remarkable class of phonomeua. 

A few years ago I bad occasion to spend some days 
under the same roof with the lady to whose caao I have 
above referred, ^t that time she had seen no spectral 
iUusions, and was acq^uainted with tJie subject only from 
tho interesting volonie of Dr. Hibboi't. In conversing 
with her about tho cause of these apparitions, I mentioned 
that, if she should ever see such a thing, eke might distin- 
guish a genuine ghost existing oxtcmally, and seen us on 
external object, from one created by the mind, by merely 
pressing one eye or Btraining them both so as to see objects 
double ; for in this case the extemnl object or supposed 
apparition would invaiiably bo doubled, while tiie impres- 
sion on the retina created by the mind would remain 
single. This observation recurred to her mind wlien she 
unfortunately became subject to the same iUueions ; but 
she was too well acquainted with their nature to reijuiro 
any such evidence of their mental origin ; and the stale of 
agitation which generally nccompanies thorn seems to 
have prevented her from making the experiment as a 
IT of curiosity. 
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1. The first illaBion to wMcli Mre. A. was subject was 
unu which affected only the ear. On tho acth of De- 
uumbcr, 1830, about bnlf-puet four in the afternoon, eho 
xtaa fitanding near the firo in the hall, and un the point 
of going up stairs to dress, when eke hsard, ag she sup- 
posed, her Iiufiband's v»ice calling her by name, " 

GuniQ hero! come to me!" She imagined that ho was 
calling at tho door to have it opened, bnt upon going 
there and opening tho door she was surprised to find no 
parson there. Upon returning to the fire, she again heard 
tho same voice calling out very distinctly and loudly, 

'■ Come, come hero !" She then opened two other 

doors of the same room, and upon seeing no pereon she 
returned to the fire-place. After a few moments sho 

heard the same voice still calling, " Come to me, come I 

come away !" in a loud, plaintive, and somewhat impa- 
tient tone. She answered as loudly, " Where are you ? 
I don't know whore yon are ;" still imagining that he 
was Bomewliero in search of her; but receiving no 
answer she shortly wont up stairs. On Mr. A.'s return 
to the house, about half an hour afterwards, she inquired 
why he called to her so often, and where ho ttos; and she 
was of course greatly Burprised to Icam that ho had not 
boon near the bouse at tho time. A similar illusion, 
which excited no particular notice at the time, occurred to 
Mrs. A. when residing at Florence about ten years before, 
and when she was in perfect health. When she was un- 
dressing after a ball, she beard a voico call her repeatedly 
byname, and she was at that time unable to account for it. 

2. The nest illusion which occurred to Mrs. A. was of 
A more alarming cliai'acter. On the 30th of December, 
about four o'clock in the afternoon, Mrs. A. came down 
stairs into tho drawing-room, which she had (quitted only 
a few minutes before, and on entering the room she saw 
her husband, as she stippoEcd, standing with hia back to 



tbo &re. As be hod guue out to tako a walk abont half an 
Iionr before, she was surpriaed to see liini tharo, and oskudr 
tim why Im had returned so soon. The figure looked 
fixedly at hor with a eerious aud thoughtful usprusaioa nf 
countenance, but did net speak. Suppusing that his mind 
was absorbed in thought, ^he fiat down in na ai'm-^hair 
near the fire, and within two feet at most of the figate, 
which she etill sawBtandiug before her. As its eyes,liow- 
over, still continued to he fixed up«ii her, she said after 

the lapse of a few minutes, " Why don't you speak ?"' 

The figm'c immediately moved oft' towards tho window at 
the fertber end of tho room, with its eyes still gazing on 
hei', and it passed so very cloBe to her in doing so that 
she was struck by the ciroumstonce of hearing no step 
uor Eound, nor feeling her clothes brushed against, nor 
even any agitation in the air. Although she was now con- 
vinced that tlio figure was not her husband, yet she never 
for a moment supposed that it was anything snpematural, 
and was soon convinced that it was a Bpectrolillasion, 
As soon as this conviction hud establised itself in her 
mind, she recollected the osperimont which I had Buggested, 
of trying to double the object; hut before she was ahlo 
distinctly to do this, the figure hod TOtreotcd to the window, 
where it disappeared, Mrs. A. immediately followed it, 
shook the curtains and esaminod tho window, tho impruH- 
sion liaving been so distinct nnd forcible that she was 
unwUling to believe that it was KOt a reality. Finding, 
however, that the figure had no natural means of escape, 
Bho was convinced that she had seen a spectral apparition 
like those recorded in Dr. Hibhert's work, and she censo- 
quontly felt no alarm or agitation. Tho ajipearanoe was 
seen in bright daylight, and laated four or five minutes. 
When the figure stood close tn lier it concealed the real 
objects behind it, and the apparition wa^ fully as vivid as 
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3. On tbesG two occasians Mrs. A. was nlonc, but when 
the nest phantasm appcnred her huehand was prosont. 
This took place on tho 4th of January, 1830. About ten 
o'clock at night, when Mr. and Mrs, A. were sitting in 
the drawing-room, Mr, A. took up the jiokor to stir the 
fire, and when ho was in the net of doing this, Mrs. A. 
exclaimed, "Why thei'e's the eat in tho room!" — "Where?" 
flsked Mr, A. " Thcro, close to you," eho replied. — 
" Where ?' he repeated. " Why on the rug to be sure, 
between yourself and the coal-souttlo." Mr. A,, who had 
still tho poker in his hand, pushed it in tho direction 
mentioned. "Take care," cried Mrs. A., "take caro, you 
are hitting her with the poker." Mr. A. again asked hor 
to point out exactly whero she saw tho cat. She replied, 
" Why sitting up there close to your feet on the rug : she 
is looking at mo. It is Kitty^conio here, Kitty !" — 
There were two cats ia the house, one of which went by 
this name, and they were rarely if ever in the drawii^ 
room. At this time Mi's. A. had no idea that the sight 
of the cat was an illusion. When she was asked to touch 
it, she got up for the purpose, and seemed as if she wore 
pursuing something which moved away. Sho followed a 
lew steps, and then said, " It has gone under the chair." 
Mr. A. OGSurcl her it was an illusion, but sho would not 
believe it. Ho then lifted up the chair, and Mrs. A. saw 
nothing more of it. The room was theu searched all 
over, and nothing found in it. There was a dog lying on 
the liearth, who would have betrayed great uneaeineas if a 
cat had been in the room, hut he lay perfectly ijuiet. In 
order to be quite certain, Mr. A. rung tho bell, and sent 
for tho two cats, both of which were found in the house- 
keeper's room, 

4. About a month after this occmi'enco, Mrs, A., who 
had taken a somewhat fatiguing drive during the day, waa 
preparing to go to bed about eleven o'clock at night, and. 
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^Ittmg before tlio droasing-glaBs, was occupied in arrang- 
ing Ler hair. She was in o listless and drowsy etato o( 
mind, but fully awake. When her fingers were in active 
motion among the papillotes, she was suddenly startled 
by seeing in the mirror the figure of a near relation, who 
was then in Scotland, and in perfect health. The appa- 
rition appeared over her left shoulder, and its eyes met 
hers ia-tbo glass. It was enToloped in grave-clothes, 
dosely pinned, as is usual with corpses, round the head 
and under the chin, and though the eyes were open, the 
features were solemn and rigid. The dress was evidently 
a shroud, as Mrs. A. remarked even the punctiired pattern 
usually worked in a peculiar manner round the edges of 
that garment. Mrs, A. described herself as at the time 
sensible of a feeling like what we conceive of fascination, 
compelling her for a time to gaze on this melancholy 
apparition, which was as distinct and vivid as any re- 
flected reality could bo, the light of the candles upon the 
dressing-table appearing to shine fully upon its face. 
After a few minutes, she turned round to look for the 
reality of the form over her shoulder ; but it was not 
visible, and it had also disappeared iiom the gliws when 
she looked again in that dii-eetion. 

5. In the beginning of March, when Mr. A. had bean 
about a fortnight fi'om home, Mrs. A, frequently heard 
him moving near her. Nearly every night, as she lay 
awake, she distieotly heard sounds like his breathing 
hard on the pillow by her sido, and other sounds such as 
he might mako while turning in bed. 

G, On another occasion, during Mr. A.'s absence, while 

riding with a neighbour, Mr. , she heard his voice 

frequently as if he were riding by his side. She heard 
also the tramp of his horse's feet, and was almost puzzled 
by hearing him address her at the same time with the 
person leaUy in company. His voice made remarks on 
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the Boeuery, iiaprovemcuts, &a., sncli as he probably 
would have done btid be been present. On tbis occasion, 
bowoTor, tbci'o was no Tisiblo apparition. 

7. On tbe 17tb Marcb, Mrs. A. was preparing for bed. 
Sbo iiDil diBmissed ber miud, and' was sitting witb bor 
feet in bot water. Having an excellent memory, abe bad 
been tbinking upon and repeating to berself a striking 
passage in tbe Edinbm'gb Beview, wben, on raising bee 
eyes, sbe saw seated in a bii'ge easy-cbair before ber tbe 
figure of a deceased friend, tbe sister of Mr. A. Tbo 
figure was dressed, as bad been usual witb ber, witb great 
neatness, but in a gown of a pocidiar kind, sucb as Mrs. A. 
hud never seon ber wear, but esactly such as bad bean 
desoribed to her by a common friend as baving been worn 
by Mr. A.'s sister during ber last visit to England. 
Mrs. A. paid particular attention to the dress, air, and 
appearance of tbe figure, which sat in an easy attitude in 
tbe chair, holding a bandkercbief in one hand. Mrs. A. 
tried to speak to it, hut eiperieneed a difficulty in doing 
so, and in about three minutes the figure disappeared. 
About n minute afterwards, Mr. A, came into the room, 
and found Mrs. A. slightly nervous, but fully awai-e of 
tlio deluBiTe nature of the apparition. Sbe described it 
as having all the vivid colouring and apparent reality of 
life; and for some boiu-s preceding tbis and other visions, 
she experienced a peculiar sensation in her eyes, which 
seemed to he relieved when the yision bad ceased. 

8, On the 5th October, between one and two o'clock in 
tbe morning, Mr, A. was awoke by Mrs. A., who told him 
that sbe bad just seen tlto figure of bis deceased mother 
draw aside the bed-curtains tind appear between them. 
The dross and the look of the apparition were precisely 
those in which Mr. A.'s mother had heeu last seen by 
Mrs. A. at Paris in 182i. 

'J, On tbe lltb Octobsr, when sitting in tbe drawing- 
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toom, on one Bide of the fire-place, she saw the figui'e of I 

anotlier deceased friend moving towards her from the I 

window at the farther end of the room. It approached | 

the fire-place, and sat down in the chair opposite. Aa 1 

there were several persona in tho room at the time, she 
describes tho idea uppermost in Ler mind to have hcen a 
fear lest thoy should be alarmed at her staring, in the way 
she WEis conseions of doing, at Tacancy, and should fancy 
her intellect disordered. Under tho influence of this fear, 
. ftnd recollecting a story of a similar effect iu your work 
J en Demonology, which she had lately rend, she summoned 
1 1 Bp the requisite resolution to enable her to ctobs tho space 
I before the fire-place, and seat herself in the same chair with 
I tile figure. The nppai'ition remained perfectly distinct till 
t Bhe eat down, as it were, iu its litp, when it vanished. 
I ■ 10. On the 26th of the same month, about two p.m., 
I Mrs. A. was sitting in a chair by the window in the same 
I joom with her husband. Ho heard her exclaim " What 
I iiave I seen ?" And on looking at her, he observed u 
L strange expression in her eyes and countenance. A 
r OBTriago and four had appeared to her to be di'iving'up 
tho entrance road to the house. As it approached, she 
folt inclined to go up stairs to prepare to receive com- 
pany, hut, as if upell-bound, she was unable to move or 
speak. The cai'riage approached, and as it arrived within 
a few yards of tho window, she saw the figures of tho 
postilions and the persons inside take tho ghastly appear- 
ance of skeletons and otlier hideous figures. The wholo 
then vanished entii'ely, when she uttered tho abovo- 
r mentioned exclamation. 

I 11. On the morning of the 30th October, when Mrs. A. 
L .Was sitting in her own room with a favourite dog in her 
■ 4'^p, she distinctly saw the same dog moving about tho 
I room during the space of about a minute, or rather more. 
12. On the 3rd December, about 9 p.u., when Mr. and 



128 LETTEia ON NATURAL ITAQIO. 

Mrs. A. wore sitting near each othei- in the drnwing-room 
occupied in roaJing, Mr. A, felt a presfiitfe on hia foot. 
On looking up, lie observed Mrs, A.'b eyes fised with a 
Gtronj; and imnatiiral stare on a chnir abont nine or ten 
feet distant. Upon asking her what ehe saw, the esproB- 
eion of her countenance changed, and npon recovering 
heraolf, uho told Mr. A. that she had seen his hrothei", 
who was alive and well at the moment in Loudon, seated 
in the opposite chair, but dressed in grave-clotheB, and 
with a ghastly conntenance, as if scarcely alive. 

Such is a brief account of the various spectral illusions 
observed by Mrs. A. — In describing them I have nsed 
the very woi'da employed by her husband in his communi- 
cations to me on tlie subject; • and the reader may be 
assured that the descriptions are neither heightened by 
fancy nor amplified by invention. The high character 
and intelligence of the lady, and the station of her hus- 
band in society, and as a man of learning and science, 
would authenticate the most marvellons narrative, and 
satisfy the most scrupulous mind, that the case has been 
philoHopLically aa well as feithfuUy described. In nar- 
rating events which we regard as of anpcmatural charac- 
ter, the mind has a strong tendency to give more promi- 
nence to what appears to itself the most wonderful ; bat 
fi-oni the very some cause, when we describe estraordiuary 
and inosplicahle phenomena which wo bcliove to be the 
result of natnral causes, the mind is prone to strip thorn 
of their most marvellous points, and biing them down to 
the level of ordinary events. Fri>m the very commence- 
ment of the spectral illusions seen by Mrs. A. both she 
and her husband wore well aware of their nature and 
origin, and both of them paid the most minute attention 
to the circumstances which accompanied them, not only 
* JMluhia-gh Journal of Scienee, Mew Scries, No. iv. p. 21g, 210 ; 
Ka vi. p. 244 ; and No. viii. p. 2BI. 
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wilk tho view of throwing light upon ao curiouB b. eubjeot, 
bat for the purpose of Eiscortaining their connection with 
the atate of health under which they appeared. 

Ab the spectres seen hj Nicalai and others had their 
origin in bodily indiapositioa, it becomeB intereeting to 
learn the state of Mrs. A.'s honlth when she was andeT 
the influence of those iUnsionB. During the six weeks 
within which the three first iUusions took place, she had 
been considerably reduced and weakened by a troubloaorae 
cough, and the weakness which this oecaeioned was in- 
creased by her being prevented from faking a daily tonic. 
Her general health had not been strong, and long oiperi- 
ence has put it bcyomi a doubt, that her indisposition 
arises from a disordered state of the digestive organs. 
Mrs. A. has naturally a morbidly sensitive imagination, 
which BO painfully alfects her corporeal impressions, that 
the account of any person having suffered severe pain by 
accident or otherwise oceasionally produces acute twiilgos 
of pain in the corresponding parts of her person. Tho 
account, foi example, of the amputation of an ana will 
produce an instantaneous and severe sense of pain in her 
own arm. She is subject to talk in her sleep with gi'cat 
fluency, to repeat long passages of poetry, porticnlarly 
when she is unwell, and even to cap verses for half an 
hour together, never failing to quote lines beginning with 
the final letter of the preceding one till her memoiy is 
exhausted. 

Although it is not probable that we shall ever be able 
to understand tho actual manner in which a person of 
sound mind beholds spectral njiparitions in the broad 
light of day, yet we may arrive nt such a degree of know- 
ledge on tho subject as to satisfy rational curiosity, and to 
strip the phenomena of every attribnta of the marvellous. 
Even tho vision of natural objects presents to u 
mouutable difficoltiee, if wo seek to understand the pre- 
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oiae part irhich tLe mmd performs in perceiving them ; 
but the philosopher considera tltat he has given a satisfac- 
tory explanation of vision when he deinonstrateB that 
distinct pietaree of ezterual ohjects ore ^minted on the 
retina, and that this membrane commnnicatea with the 
brain by means of nerves of the same substiince as itself, 
and of which it is merely an expansion. Here we reach 
the gulf which human intelligence cannot pass ; and if 
the presumptnons mind of man shall dai'e to extend its 
speculations farther, it will do it only to evince its incsr 
pacity and mortify its pride. 

In his admirable work on this subject, Dr. Hibbei't has 
shown that spectral apparitions are nothing more than 
iileas or the recollected images of the mind, which in 
certain states of bodily indisposition have been rendered 
more vivid than actual impreseions, or, to nse other words, 
that the pictures in the ■' mind's eye " are mora Tivid 
than the pictures in the body's eye. Tliis principle has 
been placed by Dr. Hibbert beyond the reach of doubt ; 
but I propose to go much farther, and to show that the 
"mind's eye" is actually the body's eye, and that the 
retina is the common tablet on which both classes of im- 
pressions arc painted, and by means of which they receive 
their visual existence according to the same optical laws. 
Nor is this true merely in the case of spectral illusions. 
It holds good of all ideas recalled by the memory or 
created b.y tho imagination, and may be regarded as a 
fundamental law in the science of pnoumatology. 

It would be out of place in a work like this to adduce 
the experimental evidence on which it rests, or even to 
explain the manner in which the experiments themselves 
must be conducted ; but I may state in general, that the 
Biieotrea conjured up by the memory or the fancy have 
always a "local habitation," and that they appear in front 
of the eye, and partake in its movementn exactly like tho 
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impresaioas of luminons objocta after the objects theni- 
Belvcs ai<i withdrawTi. 

In the iiealthy state of the miiiil and body, the reloti-Tfl 
inteneity of these two classes of impteseions ou the retina 
are nieoly adjusted. I'ho mental pietures are transient 
Rnd eoniparntively feeble, and in ordinary tcmperamenta 
are never capable of disturbing or effacing the direet 
images of visible objects. The aflairs of life could not be 
carried on if the memory were to intrude bright repro . 
sentationa of the past into the domestiu scene, or seatter 
tliem over the ertemal landscape. The two opposite 
improEsionE, indeed, could not eoesist : the same nervous 
fibre which is carrying fi'om the brain to the retina tlio 
figures of memory, could not at the same instnut bo carry- 
ing back the impressions of esterunl objects from the 
retina to the brain. Tho mind cannot perform two 
different functions at tho same instant, and the direction 
of its attention to one of the two classes of impreBsions 
necessarily produce tiie extinction of tlie other : but so 
rapid is the exercise of mental power, that the alternate 
appearance and disappearance of the two contending 
impressions is no more recognized than the successive 
obsei'Tations of external objects during the twinkling of 
lie eyelids. If we look, for example, at tke facade of 
St. Paul's, and, without changing our position, call to 
mind tho celebrated view of Mont Blanc from Lyons, the 
picture of the cathedral, though actually impressed upon 
tho retina, is momentarily lost sight of by the mind, 
exactly like an object seen by indirect viBion ; and during 
the instant the recollected imago of the mountain, tower- 
ing over tho subjacent range, is distinctly seen, but in a 
tone of subdued colouring, and indistinct outline. When 
tho purpose of its recall is answered, it quickly disappears, 
and tlie picture of the cathedral again resumes the ascen- 
dency. 
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In darkness and Bolitnde, when ssterual objects no 
longer interfere with the pictures of the mind, they lue- 
eomQ more vivid and distinct ; and in the sfato between 
waking and sleeping, the intensity of the impressions 
approaches to that of visible objecits. With persons of 
Btadioiis habits, who are much occupied with the operations 
of their own minds, the mental pictures are much more 
distinct than in ordinary persons ; and in the midst of 
abstract thought, external objects even cease to make any 
impression on tho retina. A philosopher absorbed in his 
contemplations experiences a tempoinry privation of the 
use of his senses. His children or his servants will enter 
the room directly before his eyes without being seen. 
They will speak to him without being heard; and they 
will even try to rouse him from his reverie without being 
felt ; although his eyes, his ears, and his nerves, actually 
receive the impressions of light, sound, and tonch. In 
such cases, however, tho philosopher is voluntarily pursu- 
ing a train of thought on which his mind is deeply in- 
terested; but even ordinary men, not mach addicted to 
speculations of any kind, often perceive in their mind's 
eye tho pictures of deceased or absent fi'iends, or even 
ludicrous creations of fancy, which have no connection 
whatever with the train of their thoughts. Like spectral 
apparitions, they are entirely involuntary, and though 
they may have sprnng from a regular scries of associa- 
tions, yet it is frei^uently impossible to discover a single 
link in the chain. 

]f it be true, then, that the pictures of the mind and 
spectral illusions are equally impressions upon tho retina, 
the latter will differ in no respect from the former, but in 
the degree of vividness with which they are seen ; and 
those frightfnl apparitions become nothing more than our 
ordinary ideas, rendered more brilliant by some accidental 
and temporary derangement of tho vital functions. Their 
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Tery Tividness too, wliicli is their only clmraoteristic, is 
capable of explanntiou. I havo already ehown that the 
retina is rendered more BoaBJblo to liglit by voluntary 
local prewure, as well as by the involuntary preBBUic of 
the blood-yosaela behind it; and if, by looking at the 
SKn, we impress upon tho retina a (!oloui'cd image of that 
luminary, which is seen even when the eye is shut, we 
may by pressure alter tho colour of that imago, in con- 
sequence of having increased the senaibiiity of that part 
of the retina on which it is impressed. Hence we may 
readily uuderstaud how the vividness of the mental 
pietm'ca must be increased by analogous causes. 

In the case both of Nicolai and Mrs. A. the immediate 
cause of the spectres was a deranged action of the 
stomach. When such a derangement is induced by poison, 
or by substances which act as poisons, tlie retina is 
pecaiiarly affected, and the phenomena of vision singularly 
changed. Dr. FatoHillct has deecribed tho case of a 
family of nine persons who were all driven mad by eating 
the root of the Hyoeojamus wij/tr, or black Henbane. One 
of them leapt into a pond. Another exclaimed that his 
neighbour would lose a cow in a month, and a third 
vociferated that the crown piece of sixty pence would in 
a short time rise to five livroB, On the following day 
they had eJl recovered their senses, hut recollected nothing 
of what had happened. On the same day they aU saw 
objects double, and, what is still more remarkable, on the 
third day every object appeayed to Ihem as red at searlcl. 
Now this red light was probably notliing more than tho 
red phosphorescence produced by tho pressure of the 
blood-vessels on the retina, and analogous to the masses of 
hlue, green, yellow, and red light, which have been already 
mentioned as produced by a similar pressure in headaches, 1 

ariaing from a diaordored state of the digestive organs. 

Were wo to analyse tho various phenomena of epeotial 



J 



134 



LETTEEB OK NATDTIAL MiGtC. 



illosionE, we should discover many cireuinstanecs favour- 
able to these Tiowa, In those seen by Kicolai the in- 
dJTidniil figures were alwaya somewhat palor than natural 
objects. They sometimes grew more and more indistinct. 
Mid became perfectly white ; and, to use his own words, 
" he conld always distinguish, with the greatest precision, 
phantasms from phenomena," Kicolai sometimes saw the 
spectres when his eyea were ehut, afid sometimes they 
were thas made to disappear, — effects perfectly identical 
with those which arise from the impressions of very 
luminous objects. Sometimes the figures vanished en- 
tirely, and at other times only pieces of them disappeared, 
exactly conformable to what takes place with objects seen 
by indirect vision, which most of those figures must 
neccBBarily have been. 

Among the peculiarities of spectral illusions there is 
one which merits particular attention, namely, that they 
seem to cover or conceal objects immediately beyond them. 
It is this circuniKtance mure than any ether which gives 
them the chai'acter of reality, and at first sight it seems 
difficult of explanation. The distiuctnesB of any impces- 
sion on the retina is entirely independent of the accommo- 
dation of tlio oyc to the distinct vision of external objects. 
When the eye is at rest, and is not accommodated to 
objects at any particular distance, it is in a state for 
seeing distant objects must perfectly. "Whon a distinct 
spectral impression, therefore, is before it, all other objects 
in its vicinity will bo seen indistinctly, for while the eye 
-s engrossed with the vision, it is not likely to accommo- 
date itself to any other object in the same direction. It 
is (juite common, too, for the eye to see only one of two 
objects actually presented to it. A sportsman who has 
been in the practice of shooting with both his eyes open 
actually sees a double imago of the muzzle of his fowling- 
piece, though it ia only with one of these images that he 
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coTcra liis game, having uo perception whatever of tho 
other. But there is still another principle upon which 
only one of two objects may be seen at a time. If wo 
look very steadily and continuously at a double pattern, 
Buch as those on a carpet composed of two single patterua 
of iliffercnt cnloure, suppose red and yellow; and if wo 
direct the mind particularly to the contemplation of the 
red one, tho green pattern will eometimes vanish entirely, 
leaving the red one alono visible, and by the soino process 
tho red one may be made to disappear, la this case, 
however, the two patterns, like the two images, may be 
seen together ; but if the very same portion of the retina 
ia excited by the direct raya of an extermil object, when 
it is excited by a mental impression, it can no more see 
them both at tho same time than a vibrating string can 
give out two ditterent fundamental sounds. It is quite pos- 
sible, however, that tho brightest parts of a spectral figure 
may be distinctly seen along with the brightest parts of 
on object immediately behind it, but then the bright parts 
of each object will fall upon difierent paita of the retina. 

These views are illustrated by n case mentioned by 
Dr. Aborcrombie, A gentleman, who woa a patient of 
liis, of an irritable habit, and liable to a. variety of uneasy 
sensations in his head, was sitting alone in his dinirg- 
room in tho twilight, when tho door of tho room was a 
little open. Ho saw distinctly a female figure enter, 
wrapped in a mantle, with the face concealed by a largo 
black bonnet. She seemed to advance a few steps towards 
him, and then stop. He had a full conviction that tho 
figure was an illusion of vision, and bo amused himself 
for some time by watching it ; at tho samo time observing 
that be could see through the figure so as to perceive tlio 
lock of the door, and other objects behind it.* 

■ luijuiriea couceriiiag tlie Intollectual Povfcre, uiiJ tho InTesti- 
gntioD ^ Truth, 
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If these views be correct the phenomena of spectral 
apparitions are stripped of all their terror, whether wo 
view them in their supernatural character or as indications 
of bodily indisposition. Nicolai, even, in whose case 
they were accompanied with alarming symptoms, derived 
pleasure from the contemplation of them, and he not only 
recovered from the complaint in which they originated, 
but survived them for many years. — Mrs. A., too, who 
sees them only at distant intervals, and with whom they 
have but a fleeting existence, will, we trust, soon lose her 
exclusive privilege, when the slight indisposition which 
gives them birth has subsided. 
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I ^.Ui'ee Mied ai an inatnuneni 0/ impoitura — Deceptioai aith plana 
aiid concave mirrort practised by Vie aiutienig — Tlie magiciaa'i 
—EJectt of eanean mirrorf— Atrial Images — Imager on 
— Combinatioa of mirrori for prodaeing pieturet front 
living objeeti — The nii/steri'oiH dagger — Atieieiii miradet tciih 
concave mlTTor»— Madera ncKromaney with Ihem, ai leen by 
Cellini — Deioription and effects of the magie lantern — iniprore- 
meiiii upon if — Fhaalaimagoric exhibiiioni of FMipttoE and 
otheri-^Dr. Yomtg't arrangement of Leniei, Ac,, for the Phan- 
taimagaria — ImprovemenU mggeited — Catadioplrical }AaataM- 
magoria for prodtieing the pictarei from living t^tcte—lIeOtod 
of cutting off parli of the figures— Kirchet't mytterioae luaid- 
tnriiiag on the ie<Ul — His kolioai cyUndrical mirror for aSrial 
images — CijUndrical mirror for reforming ditlorled pidara — 
Mirrort o/rariabU airvature for producing caricatures. 

In the preceding obaervatioiis mail appears as the victim 

of his own delusions — as the magician unable to exorcise 

the spirits which he has hijnself called into being. We 

shall now see him the dupe of pieconcerted imposture — 

the slave of his own ignorance — the prostrate vassal of 

power and superstition. I have already stated that the 

I monorchs and priests of ancient tiraes carried on a. sys- 

I tematic plan of imposing upon their subjects — a mode of 

govemmeat which was in perfect accordance with their 

religious belief: but it will acarcel; bo believed that the 

gamo deluaiona were practised after the establishment of 

Christianity, and that even the Catholic sanctuary was 

) seat of these imhalloweii machinations. Nor 

I was it merely the low and cunning priest who thus sought 

rto extort money and respect from the most ignorant of his 



J 



J 



r 



138 LETTERS 05 SATORAL MAGIO. 

flock : bishopB and pontiffs themselves wielded the magi' 
cilia's waad over the diadems of tdngs aad emperors, and, 
by the pretended exhibition of supernatural power, made 
the mightiest potentatea of Europe tremble upon their 
thrones. It wns the light of science alone which dispelled 
this moral and intellectual darkness, and it is entirely in 
consequence of its wide diffnsion that we live in times 
when sovereigns seek to reign only through the affections 
of their people, and when the minister of religion asks no 
other reverence bat that which is inspired hy the sanctity 
of his office and the purity of his character. 

It was fortunate for the human race that the scanty 
knowledge of former ages afforded so few elements of 
deception, WLat a tremendous engine would have been 
worked against our species by the varied and powerful 
machinery of modern science! Man would still have 
worn the shackles which it forged, and his noble spirit 
would still have groaned beneath its fatal prcssare. 

There can be little doubt that the most common, as 
well as the most successful, impositions of the ancients 
were of an optical nature, and were practised by means of 
plane and concave mirrors. It has been clearly shown by 
various writers that the ancients made use of mirrors of 
steel, silver, and a composition of copper and tin, like 
those now used for reflecting specula. It is also very 
prohable from a passage in Pliny, that glass mirrors were 
made at Bidon ; but it is evident that, unless the object 
presented to them was illuminated in a very high degree, 
the images which they formed must have been very faint 
and unsatisfactory. The silver mirrors, therefore, which 
were universally used, and which are superior to those 
made of any other metal, are likely to have been most 
generally employed by the ancient magicians. They 
were mada to give multiplied and inverted images of 
objects, that is, they wore plane, polygonal or mnny- 
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Bided, and eoacave. There is one property, however, 
mentioned by Aulas Gelliue, whict haa given imnecossary 
perplexity to oonunentatora. He Btates thut there were 
Bpecula which, when put in a particular place, gave no 
iniBgQB of objects, but, when carried to another place, 
recovered their property of reflection.* M. Salverte ie of 
opinion that, iu quoting Varro, AuIub Gellius was not 
Buffieiently acquainted with the subject, and erred in 
supposing that the phenomenon depended on the place 
instead of the position of the mirror; bnt this criticism ia 
obvieUHly matle n'th the view of supporting an opinion of 
hia own, that the property in question may be analogous 
to the phenomenon of polarised light, which at a certain 
angle refusos to suffer reflection from particular bodies. 
If this idea has any foundation, the minor must have been 
of glass or some other body not metallic, or, to speak 
more correctly, there must have been two such mirxora, so 
nicely adjusted not only to one another, bnt to the light 
incident upon each, that the effect could not possibly bo 
produced but by a philosoplier thoroughly acquainted 
with the modern discovery of tho polarisation of light by 
reflection. Without seeking for so profound an osplona- 
tion of the phenomenon, we may readily understand how 
a silver mirror may instantly lose its reflecting power, in 
a damp atmosphere, in consequence of tho precipitation of 
moisture upon its surface, aud may immediately recover it 

K-irhen transported into drier air. 

1 One of the simplest instramente of optical docoptiou is 
the plane mirror, and when two ai-e combined for this 
purpose it has been called the magician's mirror. An 
observer in front of a plane mirror sees a distiect image 
of himself ; but if two persons take up a mirror, and if 
the ono person is as much to one side of a line perpen- 

• Ut ipecvlttm in foeo cerlo poiiljin nihil imagine! ; olioreum trant- 
lahim/adat imaginee. Aul. Ocl. Noct. Attiu, lib. xvi. cap. 18. 
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dicular to themidille of it as the other is to the other 
they will see each other but not themBelvea. If we 
eiippose M 0, C D, N C, C D to be the partitions of two 
adjacent apartments, let square oponisge be made in the 
pfti'titions at A and B, abont five feet aboye the floor, and 
let them bo filled with plate glass, and surrounded with u 
picture frame, so as to havo the apjiearance of two mirrors. 
Place two roiiTora E, F, one behind each opening at A 
and B, inclined 45^ to the partition MN, and so large 
that a person looking into the plates of glass at A and B 
will not see their edges. When this is done it is obvious 
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that a person looking into the mirror A will not see him- 
self but will see any person or figure placed at B. If he 
believes that he is looking into a common mirror at A, 
his astonishment will be great at sceiug himself trans- 
formed into another person, or into any living animal 
that may bo placod at E. The suceesa of this deception 
would be greatly increased if a piano mirror suspended 
by a pulley could be brought immediately behind the 
plane glass at A, and drawn up from it ot pleasure. The 
spectator at A having previously seen himself in this 
moveable mirror, would be still more astonished when ho 
a fterwards p erceiyed in the same place a face different 
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from Lis own. By drawing the moveable mirror half up, 
the Bpcctatin' ot A might see half of his own face joined 
to hiilf of the face placed at B ; but iu the present day the 
most ignariint persons are so familiar with the properties 
of a looking-glass that it would bo very difBcult to employ 
thia kind of deception with the same snoceBB which must 
have attcDded it in a more illiterate age. The optical 
reader will easily soo that the mirror F and the apartment 
N C D are not absolutely necessary for carrying on this 
deception ; for the very same effects will be produced if 
the person at B ia stationed at G, and looka towards the 
mirror F in the direction G F. Aa the mirror F, however, 
must he placed as near to A as possible, the person at G 
would be too near the partition C N, unless the mirror F 
was extremely large. 

The effect of this and every similar deception is greatly 
increased when the persons arc illuminated with a sti'oog 
light, and the rest of the apartment as dark as possible ; 
but whatever precautions are taken, and however skilfully 
plane mirrors are comhinecl, it is not easy to produce 
with them aoy very sncecssful illusions. 

The concave mirror ia the staple instrument of die 
magician's cabinet, and must always perform n principal 
part in all optical combinations. In order to be quite 
perfect, every concave mirror should have its surface 
elliptical, so that if any object is placed in one focus of 
the ellipse, an inverted image of it will be formed in the 
other focus, lliis image, to a spectator rightly placed, 
appears suspended in the air, so that if the mirror and 
the object are hid from his view, the effect must appear tu 
him almost supernatural. 

The method of exhibiting the eftoct of concave mirrors 
moat advantageously is shown in Fig. 3, where C D is the 
partition of a room having in it a si^uare opening E F, the 
centre of which is about five feet above the Soor. This 
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opening might be EUiToimded ivitli a. pictnra-frimie, and a 
painting which exactly filled it might be bo connected 
with a pnlloy that it could be either slipped aside, or 
raised bo as to leave the framo empty. A large concavo 
mirror M N is then placed in another apartment, so that 
when any object is placed at A, a distinct image of it 
may be formed in the centre of the opening E F . Lot ua 
suppose this object to be a plaster cast of any object made 
OB white ns possible, and placed in an invcrled position at 
A. A strong light should then be thrown upon it by a 
Fig. i. 




powerful lamp, the lays of which are prevented from 
reaching the opening E F. When this is done, a spectator 
placed at will see an erect image of the statue at B the 
centre of the opening — standing in the air, and differing 
from the real statue only in being a little larger, while 
the apparition will be wholly invisible to other spectators 
placed at a little distance on each side of him. 

If the opening E F is filled with smoke rising either 
from a chafing dish, in which incense is burnt, or mode to 
issue in clouds from some opening below, the image will 
appear in the middle of the smoke depicted upon it as 
upon a ground, and capable of being seen by those 
spectators who could not see the image in the air. The 
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i»yB of light, in placo of proceeding without ohstmction 
to BJi eye at 0, are reflected aa it were from those mintite 
purticles of which the emoke is compoBcd, in the eame 
manner na a beam of light is rendfered more visible by 
paseing tlirnugh an apartment filled with dust or smoke. 

It has loug been a favourite esperimcot to placo at A, 
a white and strongly-illiiininated hnman ekull, and to 
OKhibit an image of it amid the smoke of a chafing dish 
at B ; hut ft more terrific effect would be produced if a 
small skeleton, Euspended by invisible wires, were placed 
ns as object at A. Its image suspended in the air at B, 
or painted upon smoke, ooold not &il to astonish the 
spectator. 

The difficulty of placing a living jwrson in an inverted 
position, OS an object at A, haa no doubt prevented the 
optical conjurer from availing himself of so admirable a 
resource; but this difficulty may he removed by employing 
a second concave mirror. This second mirror must he so 
placed as to reflect towards M N, the rays proceeding from 
an erect living object, and to form an inverted image of 
this object at A. An erect image of this inverted imago 
wiU then bo formed at B, eitlier suspended in the air or 
depicted upon a wreath of smoke. This aerial image will 
exhibit the precise form and colours and movements of 
the living object, and it will maintain its character as an 
apparition if any attempt is made by the spectator to 
grasp its nnsubstantial fabric. 

A deception of an alai-ming kind, called the My»teru>ns 
dagger, has been long a favourite oshibition. If a person 
with a drawn and highly-polished dagger, illuminated by 
a strong light, stands a little farther from a concave 
mirror than its principal focus, he will perceive in the air, 
between himself and tho mirror, an inverted and di- 
minished image of his own person with the dagger 
■ly brandished : if he aims tho dagger at tiio centra 
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uf the mirror's concavity, tbe two daggore will meet point 
U> poiut, luuJ, by pushing it still farther from him towards 
Uk luirror, the imaginaTy dagger will strilce at his heart. 
In this oftse it is noceeaaiy that the direction of the real 
daggbi' coincides with a diameter of the sphere of which 
ttw mirror is a part ; but if its direction is on one side of 
that diameter, the direction of the imaginary d^ger will 
b« as far on (he other side of the diameter, and the latter 
will aim a blow at any person who is placed in the proper 
position for receiving it, K the person who hears the 
real dagger is therefore placed behind a screen, or other- 
wise concealed &om the view of the spectator who is 
luado to approach to the place of the image, the thrust of 
tlie polished steel at his breast will not fail to produce a 
powerful impression. The effect of this experiment would 
nil doubt be increased by covering with black cloth the 
person who holds the dagger, so that the image of his 
hand only should bo scon, as the inverted picture of him 
would take away from the reality of the appearance. By 
using two mirrors, indeed, this defect might be remedied, 
and the spectator would witness an exact image of the 
assassin aiming the dagger at his life. 

The common way of making this e3:periment is to place 
a basket of fruit above the dagger, so that a distinct aerial 
image of the fmit is formed in the focus of the mirror. 
Tho spectator having beon desired to take some &uit &om 
the basket, approaches for that purpose, while a person 
properly concealed withdraws the real basket of fruit 
witli one hand, and with the other advances the da^er, 
the imago of which, being no longer covered by the fruit, 
strikes at the body of the astonished spectator. 

The powers of the concave mirror have been likewise 
displayed in eihibiting the apparition of au absent or 
dooeased friend. For this purpose a strongly-iUuminated 
bast or picture of the person is placed befoj-e the concave 
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mirror, and a distiuct iiuoge of the picture mil be seen 
either in the air or among emoke in the manner elready 
described. If the background of the picture is tempo- 
rorilj covered with lamp-black, eo that thsrs is no light 
about the picture but what falls upon the figure, the 
effect will bo more complete. 

Ab in all csperiments with coccaTO roirrors the size 
of the aerial image is to that of the real object as their 
distances from the mirror, we may, by varying the dis- 
tance of the object, increase or diminish the size of the 
image. In doing this, however, the distance of the 
imago from the mirror is at the same time changed, so 
that it would quit the place most suitable for its eshibition. 
This defect may be removed by simultaneously changing 
the place both of the mirror and the object, bo that the image 
may remain stationary, expanding iteclf from a Inminons 
spot to a gigantic size, and again passing through all inter- 
mediate magnitudes, till it vanishes in a cloud of light. 

Those who have studied the effects of concave mirrors 
of a small size, and without the precautions necessary to 
insure deception, cannot form any idea of the magical 
effect produced by this class of optical apparitions. 
When the instruments of iUusioii are themselves con- 
cealed — -when all cstraneous lights but those which 
illuminate the i-eal object are excluded — when the mirrors 
are large and well polished and truly formed — the effect 
of the representation on ignorant minds is altogether 
overpowering, while even those who know the deception, 
and perfectly understand its principles, are not a little 
surprised at its effects. The inferiority in the effects of 
a coromon concave mirror to that of a well-arranged 
exhibition, is greater evea than that of a perspective 
picture hanging in an apartment to the same picture 
exhibited under nil the imposing accompaniments of '» 

raraic representation. 




It cun scarcely bo doubted, tLat a 
tho principal inBtriiment by which the heathen gods wero 
mode to appear in tlie ancient temples. In the imperfect 
accounts which have reached us of these apparitions, we 
can trace all the elements of an optical illusion. In tho 
ancient temple of Hercules at Tyro, Pliny mentions that 
there was a seat mado of a consecrated stone, "from 
which the gods easily rose." Esculapius often exhibited 
himself to his worshippets in his temple at Tarsus ; and 
the temple of Enguinum in Sicily was celebrated as the 
place where the goddesses exhibited themselves to mortals. 
Jamblichus actually informs us that the ancient magicians 
caused tho gods to appear among tlio vapours disengaged 
from fire ; and when tho conjurer Maiimua terrified hia 
nndienco by malting the statue of Hecate laugh, while in 
the middle of the smoke of huming incense, he was 
obviously dealing with tho image of a living object 
dressed in the costume of the sorceress. 

The character of these exiiibitions in the ancient 
temples is so admirably depicted in the following passage 
of Damascios quoted by M. Salverte, that we recognize 
all the optical offucts which have been already described. 
" In a manifestation," says he, " which ought not to be 
revealed .... there appeared on the wall of the temple 
a mass of light which at first seemed to be very remote ; 
it trousformed itself in coming nearer, into a faco evi- 
dently divine and supernatural, of a severe aspect, but 
misod with gentleness, and extremely beautiful. Accord- 
ing to the institutions of a mysterious religion tho Alex- 
andrians honoured it as Osiiis and Adonis." 

Among more modern examples of this illusion, we may 
mention the case of the Emperor Basil of Macedonia- 
Inconsolable at the loss of his son, this sovereign had 
recourse to the proyera of the Pontiff Theodore Santa- 
baten, who was celebrated for his power of working 
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miracles. The ecclesinsticul conjurer exhibited to lii'm 
the image of bis beloved sou magniHceatly dressed and 
iconntcd upon a superb cbarger ; the youth rushed 
towards his father, threw himself into his arms, and 
disappeared. M. Salverte judiciously observes, that this 
deception, could not have been performed by fl real 
person who imitated the figure of the young prince. 
The existeneo of this person, betroyed by bo remarkable 
a resemblance, and by the trick of the exhibition, could 
not fail to have been discovered and denounced, even if 
wo could explain how the son could be so instantaneously 
disentangled from his father's embrace. The emperor, 
in short, saw the aijiial image of a picture of Lis son on 
horseback, and as tho picture was brought nearer the 
mirror, tlio image advanced into hia arms, when it of 
course eluded his affectionate grasp. 

These and other aUusions to the operations of the 
ancient magic, though suffieiently indicative of tho 
methods wliich wore employed, are too meagi'e to convey 
any idea of the splendid and imposing exhibitions which 
must have been displayed. A national system of decep- 
tion, intended as an instrument of government, must have 
brought into requisition not merely the scientific skill of 
the age, but a variety of subsidiary contrivances, cal- 
culated to astonish tho beholder, to confound his judg- 
ment, to dazzle his senses, and to give a predom' 
iuflnenco to tho peculiar imposture which it was thoughl 
ilesirflble to establish. The grandeur of the menns may 
bo inferred from their efficacy, and from the extent of 
their influence. 

This defect, however, is to a certain degree supplied 
by ail account of a modern necromancy, which has been 
left us by the celebrated Benvenuto Cellini, and in which 
he himself performed an active part. 

" It happened," says he, " through a variety of odd 
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DCcidentB, that I made acqaaintance with n Sicilian priest, 
who wae a man of genius, ond well vereed in the Latin 
and Greek authors. Happening one day to have Bonie 
conversation with Lim when the subject turned upon the 
art of necromancy, I, who had a great desire to know 
Bomething of the matter, told him that I had all mj life 
felt a curiosity to he acq^uaintcd with the mysteries of 
tliis art. 

" The priest made answer, ' That the man must he of a 
resolute and steady temper who enters upon that study.' 
I replied, ' That I had fortitude and rcBolntioa enough, if 
I could hut find an opportunity.' The priest subjoined, 
' If you think you have the heart to venture, I will give 
you all the satisfaction you can desire' Thus we agreed 
to enter upon a plan of necromancy. The priest one 
evening prepared to satisfy rae, and desired me to look 
out for a companion or two. 1 invited one Vincenzio 
Eomoli, who wae my intimate acquaintance : he brougM 
with him a native of Pistoia, who cultivated the block 
ait himself. We repaired to the Coloaseo, and the priest, 
according to the custom of necromancers, began to draw 
circles upon the ground, with the most impressive cere- 
monies imaginable : he likewise brought hither assa- 
fcetida, several precious perfumes, and fire, with some 
compositions also, which diffused noisome odours. As 
soon as he was in readiness, he made an opening to the 
eii'cle, and having taken us hy the hand, ordered the 
other necromancer, his partner, to throw the perfumes 
into the fire at n proper time, intrusting the core of the 
fire and perfumes to the rest ; and thus he began his 
incantations. This ceremony lasted above an hour and 
a half, when there appeared several legions of devils, 
insomuch that the amphitheatre was quite filled with them. 
I was busy about the perfumes, when tho priest, perceiv- 
ing there was a considerable numher of infernal spirits, 
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tnmed to me actl said, ' Benvennto, ask them something ?' 
I OEBwered, 'Let them bring me into the company of my 
Sicilian mistress Angelica.' That niglit he obtained no 
anBwcr of any sort; but I had received great Batisfaction 
in having my curiosity so far indulged. The necromancer 
told mo it was requisite we should go a second time, 
assuring me that I should be satisfied in whatever I asked ; 
but that I must bring with me a pure immaculate boy. 

" I took with mo a youth who waa in my service, of 
about tivelvo years of age, together with the same Vin- 
cenzio Homoli. who had been my companion the first 
time, and one Agiiolino Gaddi, an intimato acquaintance, 
whom I likewise prevailed on to assist at the ceremony. 
When wo came to the place appointed, the priest having 
made his preparations as before, with the same and even 
more striking ceremonies, placed us within the circle, 
which he had likewise drawn with a more wonderful art, 
and in a more solemn manner, than at our former meeting. 
Thus, having committed the care of the perfumes aniT the 
fire to my friend Vincenzio, who was asaiated by Agnolino 
Gaddi, he put into my hand a pintaculo or magical chart, 
and hid me turn it towards the places that he should 
direct me ; and under the pintaculo I hold the boy. The 
necromancer, having begun to make his tremcudoas in- 
vocations, called hy their names a multitude of demons 
who were the leaders of the several legions, and ques- 
tioned them, by the power of the eternal unci'eated God, 
who lives for over, in the Hobrow lauguago, as likewise 
in Latin and Greek ; insomuch that the amphitheatre 
was almost in an instant filled with demons more 
numerous than at tho former conjuration. Vincenzio 
Komoli was busied in making a firo, with tho assistance 
of Aguolino, and burning a great quantity of precious 
perfumes. I, by the directions of the necromancer, again 
I tbe company of my Angelica, The 
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former thereupon lurning to me, said, ' Know, they have 
declared that in the Bpace of a month you shall be iu her 
company.' 

" He thus requested me to stand resolutely by hiui. 
because the legions were uow above a thousand more in 
number than ho had designed ; and besides, these were 
the most dangerous ; so that, after they had auswered my 
question, it behoved him to be civil to them and dismiss 
them quietly. At tho same time the boy under tho 
pintaculo was in a, terrible fright, saying that there were 
in that place a million of fierce meu, who threatened to 
destroy us ; and that, moreover, four armed giants of 
enormous stature were endeavouring to brcali into our 
circle. Diuing this time, whilst the necromancer, 
trembling with fear, endeavoured by mild and gentle 
methods to dismiss them in the beat way Le could, 
Vincenzio Eomoli, who quivered like an aspen leaf, took 
care of the perfumes. Though I was as much terrified 
as any of them, I did my utmost to conceal the terror 
I felt ; so that I greatly contributed to inspire the rest 
with resolution ; but the truth is, I gave myself over for 
a dead man, seeing the hori'id fright the necromancer was 
in. The boy placed hie head between his knees and said, 
' In this posture will I die ; for we shall all surely perish.' 
I told him that all these demons were under us. and what 
he saw was smoke and shadow; so bid him hold up his 
head and take courage. No sooucr did he look up than 
he cried out, ' The whole amphithcatro is burning, and 
the fire is just falling upon us.' So covering his oyes 
with his hands, ho again eiclaimed, ' That destruction 
was inevitable, and desired to see no more,' Tlie necro- 
mancer entreated me to have a good heart, and take care 
to bm'U proper perfumes ; upon which I turned to Eomoli, 
and bid him burn all the most precious perfumes he had. 
At the same time I cast my eye upon Agnolino Gaddi, 
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who wna terrified to such a degree that ho could scarce 
distinguish ohjects, and seemed to he half-dead. Seeing 
him in this condition, I said, ' Agnolino, upon these 
occasions a man should not yield to fear, but should 
fitir about and give his assistance, so come directly and 
put on somo more of these.' The effects of poor Agno- 
lino's fear were oyerpoweioug. The boy hearing a crepi- 
tation Tentured once more to raise his head, when, seeing 
me laugh, he began to take courage, and said ' That the 
devils were fljing away with a vengeance.' 

"In this condition we stayed till the bell rung for 
morning prayers. The hoy again told us, that there 
remained but few devils, and these were at a great 
distance. When the magician Lad performed the rest of 
his ceremonies, he stripped off his gown, and took up 
a wallet full of books which he had brought with him, 

" Wo all went out of the circle together, keeping as 
close to each other as we possibly amid, especially the 
boy, who had placed himself in the middle, holding the 
neci'omancor by the coat, and me by the cloak. As wo 
mere going to our houses in the quarter of Banchi, the 
boy told us that two of the demons whom we had seen at 
the amphitheatre went on before us leaping and skipping, 
sometimes running upon the roofs of the houses, and 
sometimes upon the ground. The priest declared, that 
though ho had often entered magic circles, nothing so 
extraordinary had ever happened to him. As we went 
along, he would fain persuade me to assist with him at 
consecrating a brook from which, Le said, we should 
derive immense riches : wo should then ask the demons 
to discover to us the various treasures with which the 
earth abounds, which would raise us to opulence and 
power ; hut that these love-affairs were mere follies, from 
whence no good could he expected. I auswered, ' That 
I would readily have accepted his proposal, if I under- 
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stood Latin.' He redoubled his pei-suaaions, assui-mg mo 
that the knowledge of the Latin language was by no 
meana material. He addeil, tbat he could have Latin 
aoholarB enough, if he had thought it worth while to look 
out for tbem, but that ho could never have met with a 
partner of resolution and intrepidity eiiual to mine, and 
tkat I should by all means follow his advice. Whilst wo 
were engaged in this conversation, we arrived at our re- 
spective houses, and all that night dreamt of nothing but 

It is impossible to peruse the preceding description 
without being satisfied that the legions of devils were not 
produced by any influence upon the imaginations of the 
spectators, but were actual optical phantasms, or the 
images of pictures or objects produced by one or more 
concave mirrors or lenses. A firo is lighted, and perfumes 
and incense are bnmt, in order to create a ground for tbe 
images, and the beholders aie rigidly confined within the 
pale of the magic circle. The concave mirror and the 
objects presented to it having been so placed tbat the 
persons within the circle could not see the aerial image 
of the objects by tbe rays directly reflected from the 
mirror, the work of deception was ready to begin. The 
attendance of the magician upon his mirror was by no 
means necessary. Ho took his place along with the spec- 
tators within tho magic circle. The images of the devils 
wore all distinctly furmcd in the air immediately above 
the fire, hut none of them could be seen by those within 
the circle. The moment, however, tbat perfumes were 
thrown into the fire to produce smoke, the first wreath of 
smoke tbat rose through the place of one or more of the 
images would reflect them to the eyes of the spectator, 
and they could again disappear if the wreath was not 
followed by another. More ond more images would be 
rendered visible as new wreaths of smoke arose, and tho 
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whole group would appoat at once when tho smoke was 
luiiformly diffused over tho place occupied by tie images. 

The "compositions which diffused noisome odonis" 
n'ere intended to intoxicate or stupify the spectators, eo 
is to increaEO their liability to deception, or to add to 
the real phantaemB which were before their eyes others 
which were the offspring only of thcii' own imaginations. 
It is not easy to gather from the description what parts 
of tho exMhition were actually presented to tho eyes of 
the spectators, and what parts of it were imagiaed by 
themselves. It is quite evident that the boy, as well as 
Agnolino Gaddi, were so ovorpowered with terror that 
they fancied many things which they did not see ; but 
when the hoy declares that four armed giants of an enor- 
mous stature were threatening to break into their circle, 
ho gives an accurate description of tho e&ect that would 
be produced by pushing the figures nearer the miiTor, 
and then magnifying their images, and causing them to 
advance towards tho circle. Although Cellini declares 
that ho wn,B trembling with fear, yet it is quite evident 
that ho was not entirely ignorant of the machinery which 
was at work, for in order to encourage the boy, who was 
almost dead with fear, he assured them that the devils 
were under their power, and that " what he saw was 
smoko and shadow." 

Mr. Eoscoo, from whose Life of Cellini the preceding 
description is taken, draws a similar conclusion from the 
consolatory words addressed to tho boy, and states that 
they " confirm him in the belief, that the whole of these 
appearances, like a phantasmagoria, were merely the 
effects of a magic lantern produced on volumes of smoke 
from various kinds of burning wood," In drawing this 
conclnsion, Mr. Koscoc has not adverfed to the fact, that 
this exhibition took place about the middle of the sisteenth 
eeutnry, while the magic lantern was not invented by 
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Kii'iihej' till to ward s themiddJeof the seveateenth eentnry, 
Collini having died in 1570, aud Kireher having been 
boniinKiOl. 'lliGre is bo doubt that theeflects described 
coold bo pi'odiu^ed by this instinmeut, but we are not 
entitled to have recourse to any other means of explana- 
tion but those which were known to esist at the time of' 
Cellini. If we suppose, however, that the necromancer 
either had s regular magic lantern, or that he had fitted 
Dp his conCRVo mirror in a box containing the figures of 
Ilia devils, and that this bos with its lights was carried 
home with the party, wo can easily account for the decla- 
ration of the boy, " that, as they were yoing home to their 
houses in the quarter of Banchi, two of the demons wIiom 
ice luid Ken at the amphitlwalre, tcent on before us leaping 
and ekij/ping, sometimet running «p»n tlie roofs of the koaies, 
and gomelimes upon the grmmd." 

The introduction of the magio lantern as an optical in- 
strument, supplied the magicians of the sevcntoenth century 
with one of their most valuable tools. The uso of the 
concave mirror, which does not apjjear to have been even 
put up into the form of an instrument, required a separate 
apartment, or at least that degree of concealment which 
it was difGcult on ordinary occasions to command ; but 
the magic lanteini, containing in a small compass its 
lamp, its lenses, and its sliding figures, was peculiarly 
fitted for the itinerant conjurer, who had neither the 
means of providing a less portable and more expensive 
apparatus, nor the power of transporting and erecting it. 

Tbo magic lanteiTi shown in the annexed figure consists 
of a dark lantern A B, containing a lamp ti, and a con- 
cave metallic mirror M N ; and it is so construeted that 
when the lamp is lighted, not a ray of light is able to 
escape from it. Into the side of the lantern is fitted a 
double tube C D, the outer half of which D, is capabli 
of moving within the other half. A lai^ plano-convex 
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Ions C, u> fixed at the inner end of the double tube, and 
a small coaTei lens D, at tbe outer end ; and to the fixed 
tube C E, there is joined a groove E F, in which tho 
sliders containing the painted objects aro placed, and 
through which they can be moved. Each slider contains 
a BerioH of figures oi' pictures pointed on glass with highly- 

Fig. 5. 




tiaiiepai-ent coloui's. The directlight of tlie lamp G, and 
the light reflected from the mirror M N, falling upon the 
illuminating lens C, is coucentrated by it so as to throw 
n brilUant light upon the painting on the slider, and as 
this painting is in tho conjugate focus of the convex lens 
T>, B, magnified imago of it will be formed on a white wall 
or wliito cloth placed at P Q, If the lens D is brought 
nearer to E F, or to the pictui'e, the distinct image will 
be more magnified, and will be foiToed at a greater dis- 
tance &om D, so that if there is any particular distance 
of tho image which is more convenient than another, or any 
particular size of tho object which we wieh, it can be 
obtained by varying tho distance of the lens D from E F. 
When the image is received on an opaque ground, as is 
commonly tho case, the spectators are placed in the same 
room with the lantern ; but for the purpoBee of deception, 
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it wotild be necessary to place tho Iflntem 
apartment like the mirror in Fig. 4, and to thiow 
magnified pictures on a large plate of groand git 
trnDBparont gaiizo screen, etrotched across an opening 
E F, Fig. 4, made in tlie partition which eeparntee tho 
spectators from tho exhihitor. The images might, liko 
those of the concave mirror, be received upon wreaths of 
smoke. These images are of course always inverted in 
reference to the position of tho painted objects ; but in 
order Ui render them really erect, wo have only to invert 
the sliders. The representations of tho mc^c lantern 
never fail to escite a high degree of interest, even when 
exhibited with the ordinary apparatus ; but by using 
double sudd's, and vai'ying their movemeitts, very striking 
effects may be produced. A smith, for example, is made 
to hammer upon his anvil, — a figure is thrown into the 
attitude of terror by tho introduction of a spectral appa- 
rition, — and s tempest at sea is imitated, by having tho 
sea on one slider, and the ships on other sliders, to which 
an undulatory motion is communicated. 

The magic lanteru is susceptible of great improvement 
in the painting of the figures, ami in the mechanism and 
combination of the sliders. A painted figui'e which ap- 
pears well executed to tho unassisted eye, becomes a raero 
daub when magnified 50 or 100 times ; and when we 
consider what kind of artiatH are employed in their execu- 
tion, wo need not wonder that this optical insti'ument has 
degenerated into a mero toy for the aransemeut of the 
young. Unless for public exhibition, the expense of 
exceedingly minute and spirited drawings could not bo 
afforded ; but I have no doubt that if such drawings 



^^^_ executed, a great part of tho expense might be saved by ■ 

^^^L eugraviug them on wuod, and transferring tiicir outline I 

^^^H to the glasH sliders. I 

^^^1 A series of curious representations might he efibcted, J 
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by ioeoi'tiDg glass plates containing suitable figures in b, 
trough having two of ita sides parallel, and made of plate 
glass. The trough muat be introduced tit E F, so that 
the figure on the glass is at the proper distance from the 
object less D. Wbeu the trongh is filled with water or 
with any transparent fluid, the picture at P Q will be 
seen with the same distinctneaa aa if the figure had been 
introduced by itself into the groove E P ; but if any 
transparent fluid of a difiereut density from water is 
mised with it, so as to combine with it quickly or slowly, 
the appearance of the figure displayed at P Q will under- 
go singular changes. If spirits of wine, or any ardent 
spirit, ai'c wised with the water, so as to produce through- 
out its mass partial variations of density, the figure at 
P Q will be as it were broken down into a thousand 
parts, and will recover its continuity and distinctness 
when the two fluids have combined. If a fluid of less 
density than water is laid gently upon the water, so as to 
mix with it gradually, and produce a regular diminution 
of density downwards ; or if saline substances soluble iu 
water are laid at the bottom of the trough, the density 
will diminish upwards, and the figure will undergo the 
most curious olongationB and contractions. Analogous 
effects may be produced by the application of heat to the 
surface or sides of the trough, so that we may effect at 
the same time both an increase and a diminution in the 
density of the water, in consequence of which the magni- 
fied images will undergo the most remarkable transfonna- 
tions. It is not necessary to place the glass plate which 
eoutains the figure within the trough. It may be placed 
in front of it, and by thus creating as it were an atmo- 
sphere with local variations of density we may exhibit the 
phenomena of the mirage and of looming, in which the in- 
verted images of ships nnd other objects are seen in the 
wr, B& deBci'ibod in another letter. 
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The power of the magic lantern has been greatly ex- 
tended by placing it on one eide of the transparent Bcreen 
of taffetas which receivoB the images while the epectatorB 
are placed on the other side, and by making every part of 
the glass sUders opaque, excepting the port which forma 
the figures. Hence all the figures appear luminous on a 
black ground, and produce a much greater effect with the 
some degree of illumination. An e^ddbition depending 
on these principles was brought out by M. Philipatal in 
1S02 nnder the name of the Fhanlasmagoria, and when it 
was shown in London and Edinburgh it produced the 
most impressive effecte upon the spectatoi's. Tlie small 
theatre of exhibition was lighted only by one hanging 
lamp, the flame of which was drawn up into an opaque 
chimney or shade when the performance began. In this 
" darkness visible " the curtain rose, and displayed a cave 
with skeletons and other temfic figures in relief upon its 
walls. The flickering light was then drawn up beneath 
its shroud, and the spectators, in total dBrlcuess, found 
themselves in the middle of thunder and lightning. A 
thin transparent screen had, unknown to the speetatorB, 
been let down after the disappearance of the light, and 
upon it the flashes of lightning and all the subsequent 
appearances were represented. This screen being half- 
way between the spectators and the cove which was first 
shown, and being itself invisible, preventod the observers 
from having any idea of the reol distance of the figures, 
and gave them the entire character of aerial pictures. 
The thunder and lightning were followed by the figures 
of ghosts, skelotons, and kuovra individuals, whose eyes 
and mouth were made to move by the shifting of combined 
sliders. After the first figure had been exhibited for a 
short time, it began to grow less and less, as if removed 
to a great distance, and at last vanished in a email cloud 
of light. Out of this same olond the germ of another 
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figure began to appear, nud gradually grew larger and 
larger, and approached the epectators till it attained its 
perfect development. In tbis manner, the head of Dr. 
Franklin was trauafoiincd into a skull; figures which 
retired with the freshness of life came back in the form 
of skeletons, and the retiring skeletons returned in the 
drapery of flesh and blood. 

The exldbition of these ti'anamiitations woa followod by 
spectres, skeletons, und terrific figures, which, instead of 
receding and vanishing as before, suddenly advanced 
upon the spectators, becoming larger as thoy approached 
them, and finally vanished by appearing to sink into the 
ground, The effect of this part of the exhibition was 
naturally the most impressive. The spectators were not 
only Bui'prised but agitated, and many of them were of 
opinion that they conld have touched tlio figures, M. 
Eobertson, at Paris, introduced along with his pictures the 
direct shadowa of living objects, which imitated coarsely 
the appearance of those objects in a dai'k night or in 
moonlight. 

All these phenomena were produced by varying the 
distance of the magic lantern A B, Fig. 5, fi?om the screen 
F Q, which remaiued fiicd, and at the same time keeping 
the image upon the screen distinct, by increasing the 
distance of the lena D from the sliders in E F. When 
the lantern approached to P Q, the circle of light P Q, or 
the section of the cone of rays P D Q, gi'adnally dimi- 
nlfihed, and resembled a small bright cloud, when D was 
close to the screen. At this time a new figure was put 
in, so that when the lantora receded from the screen, the 
old figure seemed to have been transformed into the new 
one. Although the figure was always at the same distance 
from the spectators, yet, owing to its gi'adual diminution 
in size, it necessarily appeared to bo retiring to a distance. 
When the magic lantei-n was withdrawn from P Q, and 
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the lens C at the same time brought nearer to E F, the 
image in P Q gradually increaBed in size, and therefore 
fleemed in the same proportion to be approftching the 
spec tutors. 

Superior ob this exhibition was to any representation 
that had been prcvionsly mado by the magic lantern, it 
still laboured uuder eeveral imperfections. The figursB 
worepoorly drawn, and in other respects not well esecuted, 
and no attempt whatever was made to remove the optical 
incongruity of the figui'es becoming more luminous when 
they retired froin tho observer, and more obscure when 
they approached to him. The vai'iation of the distance of 
tho lens D from tho sliders in E F was not exactly 
adapted to the motion of tho lantern to and ^om tho 
screen, eo that the outline of the figures was not equally 
distinct during their votiations of magnitude. 

Dr. Thomas Young suggested the orraugement shown 

in Fig. 6 for exhibiting tho phantasmagoria. The magic 

Fig. e. 




lantern is mouutud on a small car H, which runs on 
wheels W W. The direct light of the lamp G, and that 
reflected from the mirror M, is condensed by tho illumina- 
ting lenses G C, upon the trauspareut figures in the opaque 
slidorB at E, and the image of these figures is formed at 
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I P Q, by the object lens D. When the car H is drawn 
' back oa its wheels, the rai I K brings down the point K, 
and, by means of the rod K L, pushes the leua B nearer 
to the sliders in E F, and when the car advances to F Q, 
the point E is raised, and the rod E L draws out the lens 
D from, tho slider, so that the image is always in the 
conjugate focus of J), and therefore distinctly painted on 
the screen. The rod E N must be equal in length to I K, 
and the point I must be twice the focal length of the lens 
D before the object, L being immediately under the focus 
of the lens. In order to diminish tho brightnees of the 
image when it grows small and appears remote, Dr. Young 
ooutrived that the support of the lens D should suiTer a 
Bcreeu S to fall and intercept a part of the light. This 
' method, however, has many disadvantages ; and we are 
satisfied that the only way of producing a variation in the 
light corresponding to the variation in the size of the 
imi^e, is to use a single illuminating lens C, and to cause 
it to approach E F, and throw less light upon the figures 
when D is removed from E F, and to make C recede 
from E F when D approaches to it. The lens C should 
therefore be placed in a moan position corresponding to a 
mean distance of the eurcen and to the ordinary size of 
the figares, and should have the power of being removed 
from the slider E F, when a greater intensity of light is 
required for the images when they are rendered gigantic, 
and of being brought dose to E F when the images ore 
made small. The sizo of the lens C ought of course to bo 
Boch that the section of its cone of rays at E F is equal to 
tho size of the figure on the slider when C is at its greatest 
distance from the slider. 

The method recommended by Dr, Young for pulling 
out and pushing in the object lens D, according as tho 
lantern approaches to or recedes from the screen, is very 
ingeniona and cfEbctiTe. It is, however, oliunsy in itself 
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*ail iho connesion of the leTcra "'itli the serceu, and tlieir 
iuturpoaition between it and the lantern, maet interfere 
with the operations of the eihlbitor. It is, beaidea, suited 
oolj to Bhott distancoB between the ecreen and the lantern ; 
for when that dietanco is considorahle, as it must sometimes 
require to be, the levers E L, K I, K T would bend by 
the least strain, and become unfitted for their purpose. 
For these reasons, the mechanism which adjusts the lena 
D Bhonld be moved by the asle of the front wheels, the 
tnbe which contains the lens shonld be kept at its greatest 
distance from E F by a slender spring, and should be 
pressed to its proper distance by the action of a spiral 
cam suited to the optical relation between the two con- 
jugate focal distances of the lens. 

Superior as the representations of the phantasmagoria 
are to those of the magic lantern, they are still liable to 
the defect which we have mentioned, namely, the necessary 
imperfection of the minute transparent figures when mag- 
nified. This defect cannot be remedied by employing 
the most stilfiil artists. Even Michael Angelo would 
have failed in esecuting a figure an inch long with trans- 
parent varnishes, when all its imperfections were to be 
magnified. In order, therefore, to perfect the art of repre- 
senting phantasms, the objects must be living ones, and in 
place of chalky ill-drawn figures mimicking humanity by 
the most absurd gesticulations, we shall have phantasms 
of the most perfect delineation, clothed in real drapery, 
and displaying all the movements of life. The appai'atus 
by which such objects may be used may be called tho 
eaUxcLioplrical phantasmagoria, as it operates both by re- 
flection and refraction. 

The combination of mirrors and lenses which seems 
best adapted for this purpose is shown in Fig. 7, where 
A B is a living figure placed before a largo concave 
mirror M N. by moans of which a diminished and inverted 
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image of it is formed nt a b. If P Q is tlie transparent 
scrocn upon wliiuli tbe image ie to be shoivu to the epeo- 
tators on the right hand of it, a large lens L L must be so 
placed befoi-e tho image o i as to form a distinct and oroct 
pictwre of it at A' B' upon the screen. When the image 
A' B' is required to be the exact size of A B, the lens L L 
must magnify the small image a b as much as the mirror 
M N diminishes the figure A B. Tlie living object A E, 
the mirror M N", and the lens L L, must all be placed in 
a moveable car for the purpose of producing the variations 
in the size of the phantasms, and the transformations of 
one figure into another. The contrivance for adjusting 
lens L L to give a diBtinct picture at different 
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distances of the screen will of course be required in the 
present apparatus. In order to give full effect to the 
phantasms, the living objects at A E will require to be 
illuminated in the strongest manner, and should always 
be dressed either in white or in very luminous eoloni's, 
and in order to give them relief a block cloth should he 
stretched at some distance behind them. Many interesting 
eficcts might also bo produced by introducing at A B fine 
paintings and busts. 
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It nould lead iia into too wide a field were we to detail 
the immense vai'ie^ of resouroes which the science of optics 
famiahea for such exliibitions. One of these, however, is 
too useful to he passed without notice. If we interpose a 
prism with a small refracting angle between the image a b. 
Fig. 7, and the lens L L, the part of the figure inuncdiatelj 
opposite to the prism will be as it were detached from the 
figure, and will bo exhibited separately on the screen P Q. 
Let ns suppose iliat this part is the head of the figui'e. 
It may be detached vertically, or lifted from the body as 
if it were cut oS, or it may be detached downvcards and 
placed on the breast as if the figure wore deformed. In 
detaching the bead vertically or laterally, an opaque screen 
must be applied to prevent any part of the head from 
being seen by I'ays which do not pass through the prism ; 
but this and other practical details will soon occur to those 
who put the method to an experimental trial. The applica- 
tion of the prism is shown in Fig. 8, where o & is the 




inverted image formed by a concave mirror, A B C a 
prism with a small refracting angle B C A, placed between 
a h and the lens L L. « a small opaque screen, and A. B 
the figure with its head detaclicd. A hand may be made 
to grasp the hair of the head, and the aspect of death may 
be given to it, as if it had been newly cut ofi'. Such a 
representation could be easily made, and the effect upon 
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^^^H the spectators would be quite overpowering. The lifeless 
^^^P head might then be mado to recover its vitality, and be 
^^^^ safely replaced upon the figure. If the head A of the 
W living object A B, Fig. 7, is covered with black cloth, the 

I head of a person oi of an animal plated above A might be 

' Bet upon the shoulders of the figure A B by the refraction 

of a prism. 

When the figure a h. Fig. 8, is of very small dimensiouB, 
^^^^ as in the luagie lantern, a small prism of glass would 
^^^L aaswcr the purpose rcquu'cd of it ; but iu public exhibi- 
^^^H &DS, where the image a b must be of a considerable stzet 
^^^H if formed by a concave mirror, a very large prism would 
^^^B be necessary. This, however, though impracticable with 
^^^^Laolid glass, may be easily obtained by means of two large 
^^^^F pieces of plate glass made into a prismntie vessel and filled 
^^^^ with water. Two of the glasses of a carriage window 
would make a prism capable of doubling the whole of the 
bust of a living person placed as an objoot at A B, Fig. 7, 
BO that two perfectly similar phantasms might be exhibited. 
In those cases where tho images before the lens Ii L are 
BmaU, they may bo doubled and even tripled by interposing 
a wcll-propnrcd plate of calcareous spar, that is, crossed 
by a thin film. These images would possess tlie singulai- 
character of being oppositely coloured, and of changing 
&sii distances and their colours by slight variations in 
the positions of the plate.* 

In order to render the images which are formed by the 
(^ass and water prisms as perfect as possible, it would 
he easy to mako them achromatic, and the figure might 
be multiplied to any extent liy using scvei'al prisms, 
having their refracting edges pai'allel, for tho purpose of 
giving a similarity of position to all the images. 

Among the instruments of natural magic which were 

use at the revival of science, there was one invented by 

See Ediii. Encochpicdiii, Art. Optics, vol. iv. p. 611. 
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£ii'dier for cihibiliug the luyeterious Iiitndwritiiig on tbo 
wall of an apartniont from which tho mftgician and his 
apparatna were eiclnded. The annexed figure represents 
this apparatus, as given hy SchottuE, The apartment 
which the speotatoi-B arc placed is between L L and G H, 
and there is an open window in the side next L 
G H being tho inside of tho wall opposite to the window. 
Upon the face of the piano speculum E F are ^vritten the 
words to be iutroduced, and when a lens L L is placed at 
such a distance from the speculum, and of such a focal 
length that the lettera and the place of their representa- 
tion are in its conjugate foci, a distinct image of the 
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writing will be oshihited on the wall at G H, Tho letters 
on the speculum ai* of course inverted, as seen at E K, 
and when they are illuminatetl by tho Ban's raya S, 
as shown tn the hgui'e, a distinct imago, ua Schottus 
assures us, may be formed at the distance of GOO feet. In 
this esperimont the specalam is by no means necessary. 
If the letters are cut out of an opaque card, and illumi- 
nated by the light of the sky in the day, or by a lamp 
(luring night, their delineation on the wall would bu 
equally distinct. In the daytime it would bo necessary 
to place tho letters at one end of a tube or oblong boi, 
and the lens at the other cud. As this deception is per- 
formed when the spectators ore unprepared for any snch 
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exliil>itiou, the wiu'uiiig written in luminous lettoiu on the 
wall, or ajiy word ofigociated with the fute of the individual 
ohseiver, could not fail to produce a singular effect upon 
his mind. The words might bo magnified, diminished, 
multiplied, coloured, and obliterated, in a cloud of light, 
&om which they might again reappear by the methods 
alreadj' deecrihed, as applicable to the magic lantern. 

The art of forming aerial repreeentations was a great 
desideratum among the optieians of the seyentecnth 
century. Titellio and others had made many unBucccsa- 
ful attempts to produce such images, and the ^'peculations 
of Lord Bacon on the subject are too eiuiouB to be with- 
hold from the reader, 

" It would be well bolted out," says he, " whether great 
refractions may not bo made upon reflections, as well as 
upon direct beams. For example, take an empty basin, 
pnt an angel or what yon will into it ; then go so far from 
the basin till you cannot see tho angel, because it is not 
in a right line ; then fill tho basin with water, and you 
shall seo it out of its place, because of the refraction. 
To proceed, thcrcfuro, pat a looking-glass into a basin of 
water. I auppoee you shall not seo tho imago in a right 
lino or at equal angles, but wide. I know not whether 
this csperiment may not bo extended, so as you might see 
the imago and not tho glass, which, for beauty and strange- 
ness, were a fine proof, for then you should see the image 
like a spirit in the air. As, fur example, if thcro be a 
cistcru oi pool of water, you shall place over against it 
the picture of tho devil, or what you will, so as that yon 
do not seo the water. Then put a looking-glass in the 
water ; now if you can seo tho devil's picture aside, not 
seeing tlie water, it would look like the devil indeed. They 
have an old tale in Oxi'urd, that Friar Bacon walked 
between two steeples, which was thought to be done by 
glDGses, when he walked upon the ground." 
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Kirclier ttlBO devoted liimself to the production of such 
inrngop, ttni he lias giTcn irt the annexed figure his method 
of producing them. At the Imttom of a. polished cylin- 
di'icftl vessel A B ho placed a figure C D, which wo pi'e- 
Bume must have heen highly illuminated from below, and 
to the spectators who looked into the vessel in an oblirjue 
direction there was cihibited an image placed vertically in 
the air as if it were ftsccDding at the mouth of the veBsel, 
Kircher assiires us that he onco oxhihifed in this manner 
a roptesentation of the Asceneioa of our Saviour, and that 




the images were so perfect Ihat the spectators could not 
be persuaded, till they had attempted to handle tljom, that 
they were not real substances. Although Kircher i ocs 
not mention it, yet it is mnnifost that the original fignre 
A B must have been a deformed or anamorphons drawing, 
in order to give a reflected image of just proportions. We 
doubt, indeed, if the representation or the figure was ever 
exhibited. It is entirely incompatible with the laws of 
refiection. 

Among the ingenious and beautiful dectptions of the 
Beventecnth century, we must enumerate that of the lefor- 
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niatinn of distorted pictures by reflection from cylindrical 
wid conical mirrorB. In these representatioiiB the original 
image from which a perfect pictnre is produced is often 
PO aompletely distorted, that tlio eye cannot trace in it 
the resemblance to any regular figure, and the greatest 
degree of wonder is of course eicituiJ, wliotlicr llic original 




image ia concealed or erposed to riow. These distorted 
pictures may be drawn by strict geometrical rules ; hut 1 
have shown in Fig. II a simple and practical method 
of executing them. Let M N be an accurate cylinder 
made of tin-plate or of thick pasteboard. Out of the farther 
side of it cut a small aperture abed; and out of the 
nearer side cut a larger one A B D, the size of the 
Dictnre to be distorted. Having perforated the outline of 
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the picture with smivli holoe, placo it on the oponisg 
A B C I) BO that its Burface may he cylindrical. Let a 
candle or a hi'ight luiainous objeat, the smaller the better, 
be placed at S, as in- behind the pictaro A B C D ae the 
eye is aftern-nrde to ho placed before it, and the light 
passing thrijugh the small holes will represent on a hori- 
zontal plane a distorted image of the picture A' B' C TS', 
which when sketched in outline with a ponci!, and shaded 
or coloared, will be rciidy for use. If we now substitute 



a polished cylindrical c 



r of thi 



place of 




M W, then the distorted picture whea laid horizontally at 
A' B' C D' will be restored to its original stata when seen 
by reflection at A B C D in the polished mirror. It 
would be an improvement on this method to place at 
A B C D a thin ami fleiible plate of transparent mica, 
having drawn upon it with a sharp point or iiainted upon 
it the figure required. The projected image of this 
figure at A' B' C D' may then ho accurately copied. 

The effect of a cylindrical mirror is shown in Fig. 12, 
which is copied from an old one which we have seen in 

The method fibovo described is- equally applicable to 
concave cylindncal mirrors, and to those of-a conical form. 
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and it may aluo be applied to mirrors of variable curvatAirc, 
which produce different fcinda of distortiona from different 
parte of theii' surfaces. 

By employing a mirror whose eurfaco has a vamble 
curvatnre like A B C, Fig. 13, wo obtain an inatrnment 
for producing an endless variety of caricatiirca, all of 
which are characterized by their resemblance to the 
e M N is placed before such a mirror, 




it will of course appear distorted and cnricaturod ; but even 
if the figure takes different distances and positions, the 
variations which the image undergoes are neither suffi- 
ciently numerous or remarkable to afford mucli amusement. 
But if the figure M N is very near tho mirror, so that new 
distortions are produced by ttie different distances of ite 
different parts from the mirror, the most singular airica- 
tures may be exhibited. If tho figure, for example, bends 
forward his head and the npper part of his body, they 
will swell in size, leaving his lower estremities short and 
Blonder. If it draws back the upper part of the body, and 
Advance the limbs, the opposite effect will take place. 
In like manner different sides of the head, the right or 
tiie left side of it, the brow or tho chin, may be swollcil 
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nnd contracted at pleasure. By stretcliing ont tlie 
before the body they become like those of an orang-outang, 
Bcd by dmwmg them back they dwindle into half their 
regular size. All these effects, which depend greatly ou 
the agility and skill of the performer, may be very much 
increased by suitable distortions in his own features and 
figure. The family likeneas, which is of course never 
lost in all the variety of figures ivhich are thus produced, 
adds greatly to the interest of the exhibition ; and wo 
have seen individuals so annoyed at recognizing their own 
likeness in the hideous forms of humnuity which were 
thus delineated, that they could not be brought to con- 
tomplato them a second time. If the figure is inanimate, 
like the small cast of a statue, tho effect is very cnrions, 
as the swelling and contracting of the parts and the sudden 
change of expression give a sort of appearance of vitality 
to the image. The inflexibility of such a figure, however, 
is nufavonrablo to its transformation into caricatnroB. 

Interesting as these metamorphoses are, they lose in 
the simplicity of the experiment much of tho wonder 
which they could not fail to excite if exhibited on a great 
scale, where the performer is invisible, and where it is 
practicable to give an aerial representation of the cari- 
catured figures. This may be done by means of tho 
apparatus shown in Fig, 7,* where we may suppose A B 
to bo the reduced imago seen in the reflecting surface 
ABC, Fig. 13.t By bringing this imago nearer the 
mirror M N, Fig. 7, a magnified and inverted image of it 
may bo formed at a b, of such a magnitude as to give the 
last image in F Q the same size as life. Owing to the 
, loss of light by the two reflections, a very powerful illu- 
mination would be requisite for the original figure. If 
such an exhibition were well got up the effect of it would 
be very striking. 

• Fagel63. t Page 171. 
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LETTER V. 



MiteeUaneoua optical illasione — 0)ntir™iiitB of oaiaeoi iiilo iniagliol 
or ^evntioii) into depremoni, and Oie rererse — EcpIaBofion of 
thii dam 0/ dereptioiie^Siitgalar effedi a/ iMumwiaKon loitfi 
light 0/ one rimpfe cdaiiT — Lampa for producing homageaeoua 
yeOoa UglU— Methods of increaiiug the egect of IhU exhibilim— 
Method of reading the iiitcriytion of ootiu in Oie darli—ATl of 
deei]iheriag ilie effaced inicriptioa n/ coins — Hxplanation of Iheee 
tdngalar effedi — Apparent moHoiu of Oie eyet in portraiU — 
BemarlaMe ezampfet of this-'Apparenl motion of the featuree 
of a portrait, tclmit the ege) are nuide to nwoe — BeatarJiabU 
experiment of hraalhiag liglit and darkiieii. 

In- the pceceding letter I have given an aecotmt of the 
most iraportimt instrnmeuts of N^atural Magic which 
depend on optical principles ; but there still romain 
several miscellaneous phenomena on which the stamp of 
the mavvelloua is deeply impressed, and the study of 
which is prcgoant with instruction and amuBement. 

One of the most curious of these is that lalso percep- 
tion in vision by which we conceive depressions to be 
elevations and elevations depreEsions, or hy which in- 
taglios are converted into cameos, and cameos into in- 
taglios. This curious fact seems to have been first 
observed nt one of the early meetings of tho Eoyal Society 
of London, when one of the members, in looking at a 
guinea througli a compound microscope of new construc- 
tion, was surprised to see tho head upon the coin de- 
pressed, while other members could only see it embossed 
as it really was. 

While using telescopes and compound microsoiipes. 
Dr. Gmelin of Wurtemhurg observed the same fact. The 
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protuberant parts of objects appeared to bin 
and the depressed parts protuberant ; but what perplexed 
him extremely, this illusion took phico at some times and 
not at others, iit somo experiments and not in otheie, and 
appeared to some eyes and not to others. 

After niftking o great number of esperimenta, Dr. Gme- 
lin is eaid to hare constantly observed the folloning 
offflcta : Whenever he viewed any objeet rising upon a 
plane of any colour whatever, provided it was neither 
white nor shining, aod provided the eye and the optical 
tube were directly opposite: to it, the dovalfid parts 
appeared depressed, aud the depressed parts elevated. 
This happened when he was viewing a seal, and as often 
OS he held the tube of the telescope perpendicularly, and 
applied it in such a manner that its whole surface almost 
covei'ed the last glaaa of the tube. The same effect was 
produced when a compound microscope was used. When 
the objeet hung perpendicularly fi'om a plane, and the 
tube was supported horizontally and directly opposite to 
it, the illusion also took place, and the appearance was 
not altered when the object hung obliquely and oven 
horizontally. Dr. Gmelin is said to have at last dis- 
ooyered a method of preventing this illusion, which was, 
by looking not towai'ds the centre of the convexity, but 
at first to the edges of it only, and then gradually taking 
in the whole. "Bat why these things should so hapjte^, 
ho did not pretend to determine." 

The best method of obsen-ing this deception is to view 
the engraved seal of a watch with the eye-piece of an 
achromatic telescope, or with a compound microscope, or 
any combination of lenses which inverts the objects that 
tie Tiewed through it.* The depression in the seal will 

• A single oonvei lena will nnawer 1 
ttie eye six or e'lskt iuelica beliiud Uic 
^qgate fDoiis. 
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sppear an olevatios, lilie tlie i 
which is taken from it ; and though wo know it to ba 
hollow, and feci its concavity with the point of our 
finger, the illusion, is so sttong that it continues ta appear 
a protuberance. The cause of this will be understood 
boia Fig, 14, whore S is the nindow of the apartment, 




I 



or the Kgh^ which illuminatcB the hoB6v> seal L E, whose 
shaded side is of coiiree on the snmo side L with the 
light. K we now invert the seal with one or more lenses, 
so that it may look in the opposite dii'ection, it will 
appear t« the eye as in Fig. 16, with the shaded side L 




I toK 



farthest from the \vindow. But as wo know that tha 
window is still on our left I. and, and that the light falis 
in the direction B L, and as oveiy body with its shaded 
side farthest from the light mnst necessarily be eonvei: 
or protuberant, we immediatoly believe that the hollow 
seal is now a cameo or bas-relief. Tho proof which the 
eye thus receives of the seal being raised, overcomes the 
evidence of its being hollow derived from our actual 
knowledge, and fi-om the sense of touch. In this expeti- 
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meut the deceptioa takes place &om our knowing the 
real direction of the light which falls upon the ecal ; for 
if the pl&ce of the window, with respect to the aeal, htul 
been inverted as well as the seal itself the illusion could 
not have taken place. 

In order to explain thia better, let us Gsppose the seal 
L R, Fig. 14, to be illominated with a candle S, the 
place of which we can change at pleaenre. If we invert 
L E it will rise into a cameo, as in Fig. 15 ; and if wc 
then place another candle D on the other side of it, as in 
Fig. 16, the hollow seal ivill be eqnally iUuminated on 
all eides, and it will sink down into a cavity or intaglio. 
If the two candles do not illiuninate the seal equally, or 
Fig. 16. 




if any accidental ciremnBtance produces a belief that the 
light is wholly or principally on one aide, the mind will 
entertain a corresponding opinion respecting the stato of 
the seal, regarding it as a hollow if it believes the light 
to come wholly or principally from the right hand, and as 
a cameo if it believes the light to come from the left 
hand. 

If we use a small telescope to invert the seal, and if 
we cover up all the candle but its flame, and arrange the 
esperiment so that the candle may he inverted along 
with the imago, the seal ivill still retain its concavity, 
because the shadow is still on the same side with the 
illnminating body. 

If we make the same experiments with the raised im- 
of the seal taken upon wax, we shall observe the 
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very same phenomena, the seal being depreBsed when it 
alone is inverted, and retaining its convexity ■when the 
light is inverted along with it. 

The illusion, therefore, under our coneideration is the 
result of an operation of our own minds, whereby we 
judge of the forms of bodies by the knowledge we have 
acquired of light and shadow. Hence the illusion depends 
on the accuracy and extent of our knowledge on this 
subject ; and while some persons arc under its influence, 
others are entirely insensible to it. When the scat or 
hollow cavity is not polished, but ground, and the surface 
round it of uniform colour and smoothness, almost every 
person, whether young or old, learned or ignorant, will 
bo subject to the illusion ; because the youngest and the 
most caieloBS observers cannot but know that tho shadow 
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Fig. 17. 




of a hollow is always on the side next the light, and the 
shadow of a protuberance on the side opposite to the 
light ; hut if tho object is the raised impression of a seal 
upon wax, I have found that when inverted it still seemed 
raised to the three youngest of six persona, while the 
three eldest were subject to the deception. 

This illusion may bo dissipated by a process of reason- 
ing arising from tho introduction of a new circumstance 
in the experiment. Thus, let B L, Fig. 18, he the in- 
verted seal, which consequently appears raised, and let 
an opaque and unpolished pin A be placed on one side of 
tho seal. Its shadow will be of course opposite the 
candle as at B. In this case the seal which hod become 
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* c^o by its inverBion, wiU now sink down into & 
«*"'y by the introduction of the pin ami its ehadow ; for as 
the pin and its shadow are iuTerted, as ehown in Fig. 18, 
while the candle retains its place, the shadow of the pin 

I'l'Ug in the direction A B is n stronger proof to the 
»'yo thnt the light is coining from the right hand, than 
the actual knowledge of the candle baing on the left 
band, and therefore the caiueo neceesorily sinke into a 
fp "!'?■' oi" the shadow is now on the same side as the light. 

This experiment will eiplnin to ns why on some occasions 
"■» acute observer will elude the deception, while every 
patBou is subject to it Let us suppose that n 
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pftrtide of dust, or a little bit of wai, capable of giving 
a shadow, is adhering to the surface of the seal, bu 
ordinary observer will fake no notice of this, or if be 
iloes, he will probably not make it a subject of consideia- 
tion, and will therefore see the Load on the seal raised 
into a cameo ; but the attentive observer uoticing the 
littlo protuberance, and observing that its shadow lies 
to the left of it, will instantly infer that the light cornea 
in that dii-ection, and will still see the seal hollow, 

I have already mentioned that in some cases even the 
sense of touch does not correct the erroneous perception. 
We of course feel that the part of the hollow on which 
the finger is placed is actually hollow ; but if we look at 
the other part of the hollow it will still appear raised.. 

By using two candlos yielding different degrees of light, 
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and tliQS giving an uncertainty to the direction of the 
light, we may weaken the illusion in any degree we 
choose, so as to overpowei it hy touch or hj a process of 
rcaBoning. 

I have had oceBsion to observe a eeriea of analogODS 
phenomena arising from the same cauBo, bat produced 
without any instrument for inverting the object. If A B, 
for osamplo, is a plate of mother-of-pearl, and L U a 
circular or any other cavity (Fig. 19) ground or turned 
in it, then if this cavity is illuminated .by a candle or a 
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idow at S, in place of there being a shadow of the mar- 
gin L of the hollow next the light, as there would have 
been had the body been opaque, a quantity of bright re- 
fracted light will appear where there would have been a 
shadow, and the I'est of the cavity will he comparatively 
obscure, as if it were in shade. The necessary consequence 
of this is, that the cavity will appear as an elevation when 
seen only by the naked eye, as it is only au elevated sur- 
face that could have Hb most luminous side at L. 

Similar illuEionB take place in certain pieces of polished 
wood, calcedony, and mother-of-pearl, where the surface 
is perfectly smooth. This arises from there being at tliat 
place a knot or growth, or nodule of difl'ereat transparency 
from the surrounding mass, and the caueo of it will be 
understood from Fig. 20. Let m o be the surface of a 
mohogaay tabic, A m o B a section of the table, and m n u 
.section of a knot mora transparent than the rest of the 
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uukss. Owing to the tronspareney of the thin edge at o, 
opposite to tlio candle S, the side o is illuminated, while 
the rest of the knot is comparatirelj dark, so that on the 
principles already explained the spot m n o appears to be 
a hollow in the table. From this cauee arises the appear- 
ance of dimples ia certain plates of calcedouy called 
hammered ealcedony, owing to its having the look of 
being dimpled with a hammer. The surface on which 
these cavities are seen is a section of small spherical 
aggregations of siliceous matter, which exhibit tho aamo 



phenomena as the cavities in wood. Mother-of-poarl 
I the very same phenomena, and it is indeed bo 
ihia substance that it is nearly impossible to 
find a mother-of-pearl button or counter which seems to 
have its surface flat, although they are perfectly so when 
examined by the touch. Owing to the different reiraction 
of the incident light by the diflerent growths of the shell 
cut in different directions by the artificial surface, like the 
annual growth of wood in a dressed plank, tho Gurfoco has 
necessarily an nneqnal nitd undulating appearance. 

Among the wonders of science there are perhaps none 
more surprising than the effects produced upon coloured 
objects by illuminating them with homogeneous light, or 
light of one colour. The light which emanates fi-om the 
snn, and by which all the objects of the material world 
are exhibited to us, is composed of three difierent colours, 
red, y^iom, and hlae, by tho mixture of which in different 
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proportions all the various hues of nature may be pro. 
duced. These three colours, when mixed in the propor- 
tion in which they occur in the Eun's raye, compose ft 
purely white light ; hut if any body oa which thia white 
light falls shall absorb, or stop, or detain within its snb- 
Btance any part of any one or more of these simple colours, 
it will appear to the eye of that colour which arises &oin 
the mixture of all the rays which it does not absorb, or of 
that colour which white light would have if deprived of 
the colours which are absorbed. Scarlet cloth, for example, 
absorbs most of the blue rays and many of the yellow, and 
hence appears red. Yellow cloth absorbs most of the blue 
and many of the red rays, and therefore appears yellow, 
and blue cloth absorbs most of the yellow and red rays. 
H we wore to illuminate the gcarlet cloth with pure and 
unmixed yellow light, it would appear ydloie, because the 
scarlet cloth does not absorb all the yellow rays, but 
reflects some of them ; and if we illuminate Uue cloth 
with yellow light, it will appear nearly hlaek, because it 
absorbs all the yellow light, and reflects almost none of it. 
But whatever be the nature and colour of the bodies on 
which the yellow light falls, the light which it reflects 
must be yellow, for no other light falls upon them, and 
those which are not capable of reflecting yellow light must 
appear absolutely black, however brilliant be theii colour 
in the light of day. 

As the methods now discovered of producing yellow 
light in abundance were not known to the ancient con- 
jurers, nor even to those of later times, they have never 
availed themselves of this valuable resource. It has been 
long known that salt throwu into the wick of a flarao pro- 
duces yellow light, but this light is mixed with blue and 
green raya, and is, besides, so small in quantity that it 
illumiaates objects only that are in the immediate vicinity 
of the flame. A method which I have found capable of 
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producing it in nbundunco ia shown in Fig. 31, where AB 
IB a lump containing at A a, large qnantitf of alooliol and 
water or ardent spirits, which gradually descends into a 
platina or metallic cup D. This cup ib strongly heated 
by a Bpirit-Iamp L, inclosed in a dai'k lantern ; and when 
the diluted aloohol in D ie inflamed, it will buiit with a 
fierce and powerful yellow flame ; if the fiamo should 
not be perfectly yellow, owing to an oxceas of alcohol, a 




proportion of salt thrown into the cup will answer the 
some purpose as a further diintion of tho alcohol.* 

A monochromatic lamp for producing yollow light may 
be constructed most effectually by employing a portable 
gafl lamp containing compressed oil gas. If we allow the 
gas to escape in a copious stream, and set it on fire, it will 
form an esploaive mixture with the atmospheric air, and 
will no longer burn with a white flame, but will emit a 
bluish and reddish light. The force of tho issuing gas, 
• See Sdinlurgh Trannadiom, vol. ix. p. 435. 
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or any accidental cturent of air, is capable of blowing out 
this flanio, so that it is necessary to have a contrivanco 
for sustaining it. The metbod wliich I used for this pur- 
pose is shown in Fig. 22. A small gas tube ah c, arising 
from the main burner M N of the gas lamp P Q, termi- 
nates above the burner, asd has a short tube d e, moveable 
up and down within it, so as to be gas-tight. Tbis tube 
d e, closed at «, communicates with the hollow ring/ g, in 
the inside of wbicb four aporturefl are perforated in such 




a manner as to throw their jets of gas to the apes of a 
cone, of which / [7 is the base. When wo cause the gas to 
flow from the burnov M, by opening the main cock A, it 
will rush into tbo tube ah c d, and issue in small flames 
at the four holes in the ring/g. The size of these flames 
is regulated by the cock 6. Tbo inflammation, therefore, 
of tlie ignited gaa will be sustained by these four subsidiary 
flames through wbicb it passes, independent of any agita- 
tion of the air, or of the forco with ivhicb it issues front 
the burner. On a projecting arm e A, carrying a ring h, 
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I fixed a broad collar, made of coareo cott.m wick, which 
had been preyioiiHly soaked in a saturated solution of 
common salt. When the gas is allowed to escape at M, 
with Each force as to produce a long and brood column of 
an explosive misture of gas and atmospheric air, the bluish 
flame occasioned bj the explosion passes through the 
salted collar, and is converted by it into a mass of homo- 
geneous yellow light. This collar will last a long time 
without any fresh supply of salt, so that the gas lamp will 
yield a permanent monochromatic yellow flame, which 
will last as long as there is gas in the reservoir. In place 
of a collar of cotton wick, a hollow cylinder of sponge, 
with numerous projecting tufts, may be used, or a collar 
may be similarly constructed with asbestos eloth, and, if 
thought necessary, it might be supplied with a saline 
solution from a capillary fountain. 

Having thus ohtatned the means of illuminatiug any 
apartment with yellow light, let the eshihitiou be made 
in a room with furniture of various bright colours, with 
oil or water coloured paintings on the wall. The party 
which is to witness the experiment should be dressed in a 
diversity of the gayest colours ; and the hrightaat coloured 
flowers and highly-coloured drawings should be placed on 
the tables. The room being at first lighted with ordinaiy 
lights, the bright and gay colours of everything that it 
contains will be finely displayed. If the white lights are 
now suddenly extinguished, and the yellow lamps lighted, 
the most appalling metamorphosis will beeihibited. Tho 
astonished individuals will no longer be able to recognise 
each other. All the furniture in the room and aU the 
objects which it contains will exhibit only one colour. 
The flowers will lose their hues. The paintings and 
drawings will appear as if they were executed in China 
ink, and the gayest dresses, the brightest scarlets, the 
purest lilacs, the richest blues, and the most vivid greens 
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will all be converted into one monotonous yellow. The 
complesions of the parties too will suffer a corresponding 
change. One pallid death-like yellow, 

like the QTumtutal liue 

WLich autumn {ilauta upuii tUii pethhc-d leuf, 

will envelop the young and the old, and the Eallow faces 
win alone escape &om the nietamorphosis. Each indi- 
vidual derives merriment from the cadaverous appearance 
of his neighhoTU', without being sensible that he is himself 
one of the ghostly aseemhlagc. 

If, in the midst of the astonishment which is thns 
created, the white lights are restored at ouo end of the 
room, while the yellow lights arc taken to the other end, 
one side of the dress of every person, namely, that nest 
the white light, will bo restored to its original oolonra, 
while the other side will retain its yellow hue. One 
cheek will appear in a state of health and colour, while 
the other retains the paleness of death, and, as the indi- 
viduals change their position, they will exhibit the most 
extraordinary transformationB of colour. 

If, when all the lights are yellow, beams of white light 
arc transmitted through a number of holes like those in a 
sieve, each luminous spot will restore the colour of the 
dress or furniture upon which it falls, and the nankeen 
family will appear all mottled over with every variety of 
tint. If a magic lantern is employed to tjirow upon the 
walls or upon the dresses of the company luminous figures 
of flowers or animals, the di'csses will be painted with 
these figures in the real colour of the dress itself. Those 
alone who appeared in yellow, and with yellow com- 
plexions, will to a great degree escape all these singular 
changes. 

I red and bine light eonld bo produced with the same 
iaoility and in the some abundance as yellow light, the 
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illumination of the apsrtmcat with these lights in sncccs- 
sion would add to the Tariety and wonder of the exhibition. 
The ted light might perhaps be procnred in sufBciont 
i^natititf from tho nitrate ami other enlts of atrontian ; 
but it would be difficult to obtain a blue flauio of Bnfficient 
intensity for the suitable illumination of a largo ttioiif. 
Brilliant whito liglita, however, might ho used, having for 
Bcteens glass troughs contaitiing a mass one or two inohca 
thick of a solution of the ammoniacal oarbonate of copper. 
This Bolution absorbs all the rays of the B])ectrum but the 
bine, and the intensity of the blue light thus produced 
would increase in the same proixirtion as the white light 
employed. 

Am ong the numeroue experiments with uhich Bcteuce 
astonishes and Bouiotimos even strikes terror into the 
ignorant, there is none more calculated to produce this 
efiect than that of displaying to the eye in absolute dark- 
ness the legend or inscription upon a coin. To do this, 
take a silver coin (I have always used an old one), and 
after polishing the sur&ce as much as possible, make the 
ports of it which are raised rough by the action of an acid, 
the pai'ts not raised, or those which are to be rendered 
darkest, retaining thcii' polish. If tho coin thus prepared 
is placed upon a mass of red-hot iron, aud removed into a 
dark room, the iuBCription upon it will hocomo less 
luminous than the rest, so that it may be distinctly read 
by the spectator. The mass of red-hot iron should be 
concealed from the observer's eye, both for the pnrpoae of 
rendering the eye littor for obseiTing the effect, and of 
removing all doubt that the inscription is really read in 
the dark, that is, without receiving any light, direct or 
reflected, from any other body. If, in place of polishing 
the depressed parts, and roughening its raised parts, we 
make tho raised parts polished, and roughen the depressed 
parts, the inscription will now be less Inminons than the 
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depteased parte, and wb eliall etill be able to read it, from 
its boiug as it were nrittea in black letters on a white 
ground. The first time I imtilo this experiment, without 
of what would b« the result, I used a French 
shilliug of Louis XV., and I was not a little surprised to 
observe upon its surface in block letters the inscription 

BBNKniCTUM SIT NOVEH DeI. 

The most Burprising form of this eipei'imcnt is when 
we use ft coin from which the inscription has been either 
wholly obliterated, or obliterated in such a degree as to 
be illegible. When such a coin is laid upon the red-hot 
iron, tho letters and figures become oxidated, and the film 
of oxide radiating more powerfully than the rest of the 
ooin will be more luminous than the rest of the coin, and 
the illegible inscription may be now distinctly read, to the 
great surprise of tho observer, who had examined the 
'blank surface of tho coin previous to its being placed upon 
the hot iron. The different appearaneeB of the same coin, 
according as the raised ports are polished or roughened, 
arc shown in Figs. 23 and 2i. 

In order to explain the cause of these remarkablo 
efiects, we must notice a method which has been long 
known, though never explained, of deciphering the in- 
Bcriptions on worn-out coins. This is done by merely 
placing tho coin upon a hot iron. An osidstion takes 
place over the whole sm-fece of the coin, the filni of oxide 
changing its tint with the intensity or continuance of the 
heat. The parts, however, where the letters of tho inscrip- 
tion hod existed oxidate at a difEereut rate from the sur- 
rounding parts, so that these letters exhibit their shape, 
and become legible, in consequence of the film of oxide 
whicJi covers them having a different tliickness, and there- 
fore reflecting a different tint from that of the adjacent 
parts. The tints thus developed sometimes pass through 
many orders of brilliant coloors, particularly pi»k and 
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green, and settle la a bronzo, and somctiDies ft black tint, 
resting upon the ioBcription atone. In eoine casee tho 
tint left on the trace of tho letters is so very faint that it 
can just ho eoen, and may be entirely removed by a slight 
rub of the finger. 

When the experiment ie often repeated with the same 
coin, and the oxidations Bnecessively removed after each 
osperimeiit, the film of oxide continues to diminish, and at 
last ceases to make its appearance. It recovcre the 
property, however, in the course of time. When tho coin 
is put upon the hot iron, and consequently when the oxi- 
dation is the greatest, a considerable smoke ariees from 




I, and this dimiuishee, like the film of oxide, by 
i repetition. A coin which hud ceased to emit 
this smoke, smoked slightly after having been ozposed 
twelve hours to tbe air. I have found from numerous 
trials that it is always the raised parts of the coin, and in 
modem coins the elevated ledge round the inscription, 
that beoomes first oxidated. In an English shilling of 
1816 this ledge exhibited a brilliant yellow tint before it 
appeared on any other part of the coin. 

If we use an uniform and homogeneous disc of silver 
that has never been hammered or compressed, its surface 
will oxidate equally, provided all its parts are equally 
heated. In the process of converting thie disc into a coin. 
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the gurJc pai'ts Lave obviously been most eoinpretted by the 
prominent parts of the die, and the elcvaled ports least 
cmnpreseed, tho metal being in the latter left as it were in 
its natural state. The rnised letters and figures on a coin 
have therefore less density than tho other parts, and these 
parts oxidate sooner, or at a lower temperature. When the 
letters of the legend are worn off by friction, the parts 
immediately below them have also less density thaa the 
BuiTonnding metal, and the site as it were of the letters 
therefore receives from heat a degree of oxidation, and a 
colour different from that of tho Burrounding surface. 
Hence we obtain au explanation of the revival of the 
invisibln letters by oiidation. 

The same influence of difference of density may bo 
observed in the beautiful oiidations which are produced 
on the surface of highly-polished steel, heated in contact 
with air, at temperatures between 430" and 630" of 
Fahrenheit.* When the steel has hard portions called 
pim by the workmen, the uniform tint of the film of oxide 
stops near these hard portions, which always exhibit 
colours different from those of the rest of tho th&er. 
These parts, on account of their increased density, absorb 
the osygen of atmospheric air less copiously than the 
surrounding portions. Hence we see the cause why stoel 
expanded by heat absorbs oxygen, which, when united 
with the metal, forms tho coloured snperficial film. As 
the heat increases, a greater quantity of oxygen is absorbed, 
and the film increaseB in thickness. 

These observations enable us to explain tie legibility 
of inscriptions in the dark, whether the coin is in a perfect 
state, or the letters of it worn off. AU black or rough 
surfaces radiate light more copiously thnn poligJied or 
gmootk surfaces, and hence tho inscription is /unnjMitM when 
it is Toagh, and ohtcwe when it is polished, and the letters 
I • See Edmhtrijh Encyclopedia, Art. Stiti., toI xriii. p. 387. 
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covered wiih block oxide are more Idduhoiis tluui die 
adjacent parts, on accoant of the superior radiatiiai of 
light by the black oxide which coveiB them. 

Bj the means now described inTisible writing might bo 
convejod by impressing it apon » metallic sur&ce, and 
afterwards erasing it by grinding and polishing that 
Hnrface perfectly smooth. When exposed to a proper 
degree of heat, the secret n'onld display iteelf written in 
oxidated letters. Many amnsing experiments might be 
mode upon the same principle. 

A series of curious and sometimes alarming deceptions, 
ariscB from the representation of objects in perspective 
upon a plane surface. One of the most interesting of 
these depends on the principles which regnlate the 
apparent direction of the eyes in a portrait. Dr. Wollaston 
hoD thought this subject of suf&cient importance to be 
treated at some length in the Philosophical Transactions, 
When we look at any person we direct to them both oor 
face and our eyes, and in this position the circular iris 
will be in the middle of the white of the oyehall, or, what 
is tho BBJne tiling, there will he the same quantity of white 
on each side of the iris. If the eyes are now moved to 
either side, while the head remains fixed, we shall readily 
judge of the change of their direction by the greater or 
loss quantity of white on each side of the iris. This test, 
however, accurate as it is, enables us only to estimate the 
extent to which the eyes deviate in direction from the 
direction of the face to which they belong. But their 
direction ia reference to the person who views them is 
entirely a different matter; and Dr. Wollaston is of 
opinion, that we are not guided by the eyes alone, but are 
f:iconBciously aided by the concurrent position of the 
entire foae. 

If a skilful painter draws a pair of eyes with great 
correctness directed to the spectator, and deviating &om 
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the gciieral poeitioii of the face as much, ae is umial in 
good portraits, it is very difficult to determine their 
direction, and thej will appear to have different directions 
to different persona. But what is very curious, Dr. 
Wollaaton has shown that tho same pair of eyes may be 
made to direct themselves either to or irovi the spectator 
hy the addition of other features in which tho position of 
the face is changed. Thus in Fig. 25, the pair of eyes are 
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looking intently at the spectator, and the face has a cor- 
respending direction ; but when we cover up the face in 
Fig. 25 with the face in Fig. 20, which looks to the right, 
tiie eyes change their direction, and look to the right also. 
fn like manner, eyes drawn originally to look a little to 
the right or the loft of the spectator may be made to look 
directly at him by adding suitable features. 

Tho nose is obviously the principal feature which pro- 
dnees this change of direction, as it is more subject to 
change of perspective than any of the other features ; but 
Dr. WoUaston has shown, by a very accurate experiment, 
that even a small portion of tho nose introduced with tho 
features will cany the eyes along with it. He obtained 
four exact copies of the same pair of eyes looking at the 
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ffpectntor, by transferring tbem upon copper from a Steel 
plftte, and luiTing added to each of two pair of them, a 
nose in one case directed to the right, aod iu the other, to 

the left, and to cacli of the other tn-o pairs a very small 
portion of the upper part of the nose, all the four pair of 
eyes lost their front direction, and looked to the right or 
to the left, according to the direction of the nose, or of tho 
portion of it which was added. 

But tho effect thus produced is not limited, as Dr. 
Wollaston remarks, to the mere change in tho direction of 
the eyes, " for a total difference of character may be giTen 
to the some eyes by a due representation of the other 
features. A lost look of devout abstraction in an uplifted 
countenanco may be exchanged for an appearance of 
inquisitive archness in the leer of a younger iace turned 
downwards and obliquely towards the opposite side," na in 
Pig. 27, 28. This, however, is perhaps not au exact 
eqiression of the fact. The new character which is said 
to he given to the eyes is given only to the eyes in com- 
bination with the new features, or, what is probably more 
correct, the inquisitive aruhnesa is in the other features, 
and the eye does not belie it. 

Di. Wollaston has not noticed the converse of these 
illusions, in which a change of direction is given to fixed 
features by a changa iu the direction of the eyes. This 
eSect is finely seen in some magic lantern sliders, where 
a pair of eyes is made to move in the head of a figure 
which invariably follows the motion of the eyeballs. 

Having thus determined the influence which the general 
perspective of the face has upon the apparent direction of 
the eyes in a portrait, Dr. Wollaston applies it to tho ex- 
planation of the well-known fact, that when the eyes 
of a portrait look at a spectator in front of it they will 
follow him, and appear to look at him in every other 
direciioni This curious fad, which has received less con- 
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uderation than it merits, has beeu often ekilfullj em- 
ployed by the noTolist, in alarming tho fears or eioiting 
the courage of hia hero. On returning to the hall of his 
ancoators, his attention ia powerfully fixed on the grim 
portraits which aurround him. The parts nhioh thoy 
liaTO respectively performed in the family history rise 
to his mind : his own actions, whether good or evil, are 
colled up in contrast, and as the preserver or the destroyer 
of his line, be stands as it were in judgment before them. 




His imagination, thus excited by conflicting feelings, 
transfers a sort of vitality to the canvas, and if the person- 
ages do not " start from their frames," they will at least 
bend npon him their frowns or their approbation. It is 
in vain that ho tries to evade thoir scrutiny. Wherever 
lie goes their eyes eagerly pursue him ; — they will soera 
even to look at him over their shoulders, and ho will find 
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it imposBible to shun their gaze hut by quitting 
apartment. 

As the Bpectator in this case chasges bis position in 
B. horizontal plane, the effect which we have described 
is accompnnied by a,n apparent diminution in the hreadtb 
of the human face, from only seven or eight inclicB till 
it disappears at a great obliquity. In moving, therefore, 
from a front view to the most oblique view of the face, 
the change in its apparent breadth is so slow that the 
apparent motion of the head of the figure is scarcely 
recognized as it follows the spectator. But if the per- 
sjiective figure has ft great breadth in a horizontal plane, 
such as a soldier firing his musket, an aFtilleryman his 
piece of ordnance, a bowman drawing his bow, or a lancer 
pushing his spoar, the apparent breadth of the figure 
will vary from five to six feet or upwards till it disapi)eara, 
and therefore the change of apparent magnitude is sufK- 
ciently rapid to give the figure the dreaded appearance 
of turning roimd, and following the spectator. One of 
the best examples of this must liave been often observed 
in the foreshortened figure of a dead body lying horizon- 
tally, which has the appearance of following the observer 
with great rapidity, and turning round upon the head as 
the centre of motion. 

The cause of this phenomenon is easily explained. 
Let ns suppose a portrait with its face and its eyes 
directed straight in front, so as to look at the spectator. 
Let a straight line be drawn thi'ough the tip of the nose 
and half way between the eyes, which we shall call the 
middle line. On each side of this middle line there will be 
thesamebreadthof head, of cheek, of chin, and of neck, and 
each iris will bo in the middle of the whole of the eye. 
If we now go to one side, the apparent horizontal breadtli 
of every part of the head and face will bo diminisficd, 
bnt the parts on each side of the middle line will be 
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diminislied equally, and at any position, however oblique, 
there will be the eame breadth of face on each side of the 
middle line, and the iris will he in the centre of the 
whole of the eyeball, so that the portrait preserves all 
the characters of a figure looking at the spectator, and 
must neceasarily do so wherever he stands. 

This explanation might be illustrated by a picture 
which represents three artillerymen, each firing a piece 
of ordnance in parallel directions. Let the gun of the 
middle one bo pointed accurately to the eye of the specta- 
tor, so that he sees neither its right side nor its left, nor 
its upper nor its under side, but directly down its muzzle, 
so that if there was an opening in the breech bo would 
see through it. In like manner the spectator will see the 
left side of the gun on his left hand, and the right side of 
the gun on his right hand. If the spectator now changes 
his place, and takes ever such an oblique position, either 
laterally or vertically, he must still see the same thing, 
because nothing else is presented to his view. The gun 
of the middle soldier must always point to his eye, and 
the other guns to the right and left of him. They must 
therefore all thi'ee seem to move as he moves, and follow 
his eye in all its changes of place. The same obeerva- 
tions are of course applicable to buildings and streets 
seen in perspective. 

In common portraits the apparent motion of the head 
is generally rendered indistinct by the canvas being 
imperfectly stretched, as the slightest concavity or con- 
vexity entirely deforms the face when the obliqnity is 
considerable. The deception is therefore best seen when 
the painting is executed on a very flat board, and in 
colours sufficiently vivid to represent every lino in the 
face with tolerable distinctness at great obliquities. This 
distinctness of outline is indeed necessary to a satisfactory 
exhibition of this optical illusion. The most perfect 
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eiLibitiou, indeed, that I ever saw of it was in the caee 
of a painting of a Eliip upon a sign-board exeoated in 
strongly gilt linoB. It contained a view of the stern, and 
aide of a ahip in tho stocks, and, owing to tho flatness 
of the board and the brightness of the lines, the gradtta! 
development of the figure from the most yiolent fore- 
ehorteuisg at great obliquities till it attained its perfect 
form, was an eftect which surprised ovoiy person that saw 
it. 

The only other optical illusion which our limits will 
permit ub to explain, is the very renmrkable esperiment 
of what may be tnily called breathinii lujlit or darhieM. 
Let 8 be a cnndle where light falls at an ungle of 56° ib' 
upon two glaBS plates A, B, placed close to each other, 
and let the i-eflected rays A C, E D, fall at the sarae 
angle upon two similar plates 0, T>, but so placed that 
the plaae of reflection iroia tho latter is at right angles 
to the plane of reflection from the former. An eye placed 

Fi«.2B. 




at E, and looking at the same time into the two plates 
C and D, will see rery faiet images of the candle S, which 
by a slight adjustment of the place mny be made to dis- 
appear almost wholly. Allowing the plate C fo remain 
as it is, change the position of D, till its iiiclijiation to 
the ray B D is diminished about SJ-", or made nearly 
53" 11'. When this is done, the imago that had dis- 
appeared on looking into D will he restored, so that the 
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Spectator at E, upon looking into the two mirrors C, D, 
will Bee no light in C, because the candle has nearly 
disappeared, while the caudle is distinctly seen in D, 
If, while the spectator is looking into those two 
mirrors, either he or another pei'son breathes upon them 
gently and quickly, the breath will revive the ex- 
tinguished imago in C, and will extingmsh the visiblo 
image in D. The following ia the canae of this singular 
result. The light A C, B D, is polarized by reflection 
from the plates A, B, because it is incident at the polariz- 
ing angle of 56° 45' for glass. When we breathe upon 
the plates C, D, we form ujwn their sui'face a thin film 
of water, whose polarizing angle is 63° 11', so that if the 
polarized rays A C, B D, fell upon the plates C, D, at 
an angle of 53° 11', the candle from which they proceeded 
would not be yisible, or they would not suffer reflection 
from the plates C D. At all other angles tho light would 
be reflected and the candles visibla 'Now the plate D 
is placed at an angle of 53'^ 11', and C at an angle of 
56° 45', so that when a film of water is breathed upon 
them the light will be reflected from tho latter, and none 
from the former : that is, the act of breathing upon the 
plates will restore tho inyisiblo, and oittngaisli the visible 
image. 
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tfalaral plienome'ia nwrlied with the marvtUotu — Speeire of l^ 
Brocfc™ described — Aiialogaia piiaumena — Atrial tpeelrei ieet> 
ia CiuiiterliiiHl — Fata Morgana in IheSiraUio/ Muiina — ObjecU 
fcelouJ ft« horin/a raised and mogiirfied bg re/radion — Singular 
eiampU teen at Uattaigt — Door Cattle teen Oo'cugh the hill on 
whicli it ebMidt — Mred and inverted imagei of diilant ihipg leen 
in the air — Similar phenomena eeen ia the Arctic regiona — Ea- 
cAanted coael— Jtfr. Scoretbi/ recognitei hie ftxCha't tlup by it» 
atrial image — ioni^ of onu leen ia the air — Inverted images 
of hones seen in Soul/t Jtnen'ca— Lateral itnagei produced by 
re/ractioa — Aerial spectret 6j refleclion — E.rplanaiioa of the pre- 
eeding pienomcna. 

Among the woaders of the natiu'al woi'ld which are every 
day presented to ue, without either exciting our surprise 
or attracting our notice, some are ocCBsionally displayed 
which poBseBB all the chai'aotera of snpernntural phe- 
nomena. In the names by which they are familiarly 
known, wo recognize tho terror which they inspired, and 
even now, when science has reduced them to the level of 
natural phenomena, and developed the causes from which 
they arise, they still retain thcii primitive importance, 
and arc watched by the philosopher with as intense 
an interest as when they were deemed tho immediate 
efiecta of Divine power. Among theso phenomena 
we may ennmerata* the Spectre of the Broeken, the Fata 
Morgana of the Straits of Messina, the Spectre Ships which 
appear in the air, and tho other extraordinary effects of the 
Mirai/e.* 

• In the Sanatrlt, aaje Baron Humboldt, the phenomenon of the 
Mirage is culled Mrlga Trichna, " thiist or deeite of tlie antelope," n 
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^^H The Brockon ia the name of thtt loftiest of the Hartz 

^^^P Mountains, a picturesqao range which lies in the kingdom 

^^^ of Hanover. It is elevated 3300 feet above the eea, and 

r commands the view of a [ilain seventy leagues in estent, 

I occupying nearly the two-himdredth part of the whole of 

Europe, aod animated with a population of above five niil- 

lions ef inhabitants. From the earliest periods of authentic 

history, the Brocken has been the seat of the marvelloua. 

On its summits are etill seen huge blocks of granite, 

called the Sorcerer's Chair and the Altar. A spring of 

pure water is known by the name of the Magic Fountain, 

I tmd the anemone of t!io Brocken is distinguiKhed by the 

^^^^ title of the Sorcerer's Flower. These names are supposed 
^^^V to Itave originated in the rites of the great Idol Cortbo, 
^^^r trhom the Saxons worshipped in secret on the summit of 
^^^ the Broeken, when Christiftnity was extending her 
benignant sway over the subjacent plains. 

As the locality of these idolatrous rites, the Erucken 
must have been much frequented, and we can scarcely 
doubt that the spectre which now so often haunts it at 
sunrise must have been observed from tho earliest times ; 
but it is nowhere mentioned that this phenomenon was in 
, Bny way associated with tho objects of their idolatrous 
I Worship. One of the best accounls of tlio spectre of the 
['brocken is that which is given by M. Hauo, who saw it on 
\ (he 23rd of May, 1797. After having been on the summit 
Kof the mountain no less than thirty times, lie had at last 
■*tiie good Ibrtuue of witnessing the object of bis curiosity. 
Tf The sun rose about four o'clock in the morning through 
r B serene atmosphere. In tho south-west, towards Achler- 

t becanee thid Rnioinl, Mriijii, compelled by thirst, Triehna. 
I ^pptoaFhes (Iuieb barren plains >vliere, troiQ Qie effect of uncHjual 
f n&BCtlQD, he tliiokd he perceives tlie undQlating Burloce of the 
fstore. — FeriBnal NmraliM, voL iii, p. 554. 
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mauiiBliolie, a liriek west wind carried before it the trans- 
parent vaponrs, which Lad not yet been condensed into 
thick henvy clouds. About & quarter past foui' he went 
towards the inn, and looked round to see whether the 
atmosphere would afford him a free prospect towards the 
Honth-west, when ho observed at a yery great distimce, 
towards Achtcrmaunshohe, a human figure of a monstrous 
size. His hat, having been almost carried away by a 
Solent gust of wind, he suddenly raised his hand to his 
head, to protect his hat, and the colossal figure did the 
same. He immediately made another movement by 
Fig. 30. 





bonding his body, — iiii action which wns repented by the 
spectral figure. M. Hauo was desirous of makicg further 
^speriments, hut the figure disappeared. Ho remaineil, 
however, in the same position, expecting its rotara, and 
in a few minutes it again mode its appearance on the 
AchtermannshoLe, when it mimicked his gestures as 
hofore. He then called the landlord of the inn, and 
having both taken the Eamo position which he hod before, 
thoy looked towards the Achtormannshohe hut saw nothing. 
In a very short space of time, however, two colossal 
ligurea wei'o formed over the above eminence, and after 
bonding thoir bodies and imitating the gestures of the 
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two spectators, they disappeared, Betfiiniiig their poBi- 
tion, and keeping their eyes Etill fixed npeu the same spot, 
the two gigantic Epecties sgein stood before them, and 
were joined hy a ikiid. Every movement that they made 
was imitated by the three figm^es, hut the effect varied in 
its intensity, being sometimes weak and faint, aud at 
other times strong and well defined. 

In the year 1798 M. Jordan saw the same phenomenon 
ut ennrisc, and mtder similar circmnstanceB, hot with legs 
distinctness and without any duplication of the figm%s.* 

Phenomena perfectly analogoas to the preceding, though 
seen under less imposing circumBtanccs, have been often 
witnessed. When the spectator sees his own shadow 
opposite to the sun upon a mass of thin fleecy vapour 
passing near him, it not only imitates all his movements, 
but its head is distinctly encircled with a halo of light. 
The aerial figure is often not larger than life, its size aud 
its apparent distance depending, as wo shall afterwards 
see, upon particular causes. I have often seen a similar 
shadow when bathing in a bright summer's day in an 
extensive pool of deep water. When the fine mud 
deposited at the hottom of the pool is disturbed by 
the feet of the hather, so as to be disseminated through 
the mass of water in the direction of his shadow, his 
shadow is no longer a shapeless mass formed upon the 
bottom, hut is a regular figure formed upon tho floating 
particles of mud, and having the head surrounded with 
a halo, not only luminous, but consisting of distinct radi- 
ations. 

One of the most interesting accounts of aerial spectres 
with which wo are acquainted has heeu given by Mi', 
James Clarke, in his Surrey of the Lakes of Cumberland, 
and the aocm-aey of this acooimt was confirmed by the 

• Bee J. P. Gmelin'B GoUingierhcn Journal rfw Wiiienchafiea, 
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rittestntions of two of the persona by whom the phi 
mena were first seen. On a gummer'e evening 
year 1743, when Doniel Stricket, servant to John Wren 
of Wilton Hall, was sitting nt the door along with hiB 
master, they saw the figure of a man with a dog parsuing 
c;ome horses along SouterfoU side, a place so oztreinelj 
steep that a horso could scarcely travel npun it at all. 
The figures appeared to run at an amazing pace, till tliey 
got out of sight at the lower end of the Fell. On the 
following morning Stricket and his master ascended the 
steep side of the moimtain, in the full expectation of 
finding tho man dead, and of picking up some of the shoes 
of the horses, which thoy thought must have boon cast 
while galloping at such a furious rate. Their expecta- 
tions, howoTer, were disappointed. No traces either of 
man or horse could he found, and they could not oven 
discover upon the turf tho single mark of a horse's hoof, 
These strange appeai'anees, seen at the same time by two 
different persona in perfect health, could not fail to make 
a deep impression on their minds. They at first con- 
cealed what they hod seen, hut they at length disclosed it, 
and wero laughed at for their credulity. 

In tho following year, on the 23rd June, 1744, Daniel 
Stricket, who was then servant to Mr, Lfincastor of Blake- 
hills (a place near Wilton Hall, and both of which places 
aro only about half a mile from Souterfell), was walking, 
libout seven o'clock in the evening, a little above the 
holise, when he saw a troop of horsemen riding on 
Souterfoll side in pretty close ranks, and at a brisk pace. 
Becollecting tho ridicule that had been cast upon him the 
preceding year, he continued to observe the figures for 
some tirao in silence ; but being at last convinced that 
there could be no deception in the matter, he went to tho 
Louse and informed his master that he had something 
curious to show him, Thoy accordingly went out toi 
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gether ; but before Btricket bad pointed out the place 
Mr. Lancaster'a son had discovered the aerial figures. 
The family was thou summoued to tlie spot, and the 
pheeomena wore seen alike by them nil. The equestrian 
figarea seemed to come from the lowest parte of Souterfell 
and became visible at a place called Kaott. Thoy then 
advanced iii regular troops along the aide of the Fell, till 
they came opposite to Blakehills, when they went over 
the mountain, after describing a kind of earvilineal path. 
The pace at which the figures moved wan a regQlar swift 
walk, and they continued to be soon for upwards of two 
hours, the approach of darkness alone preventing them 
from being visible. Maoy troops were seen in sueces- 
sion ; and frequently the last but one in a troop quitted 
his position, galloped to the front, and took up tho same 
pace with the rest. The changes in tho fignies wero seen 
eqimlly by all tho spectators, and tho view of them was 
not confined to the farm of Blakehills only, but they were 
seen by every person nt every cottage within the distance 
of a mile, the number of peraons who saw them amouating 
to about twenty-aix. The attestation of these ^Tacts, signed 
by Lancaater and Stricket, beare the date of the 21st 
July, 1744. 

These extraordinary sights were received not only with 
distrust but with absolute incredulity. They were not 
even honoured with a place in the records of natural 
pbonomena, and the philosophers of the day were neither 
in possession of analogous facts, nor wore they acquainted 
with those principles of atmospherical refraction upon 
which they depend. The strange phenomena, indeed, of 
the Fata Morgana, or the Coitleii of Ike Fairy Morgaita, 
had been long before observed, and had been described by 
Kircber in tho seventeenth century, but they presented 
nothing so mysterious as the aerial troopers of Souterfell ; 
and the general ebaracters of the two phenomena were bo 
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Bnlike, that otoh a philosopher might h&ye been cxcasod 
fur BficriLing them to different causes. 

This singular exhibition has been frequently seen in 
the Straits of Messina between Sicily and the const ol 
Italy, and nheuever it takes place, the people, in a state 
of esnltfttion, a^ if it were not only a pleaaing hut a lucky 
phenomenon, hurry down to the sea, exclaiming Morgana, 
Morgana, When the i-ays of the rising sun form an angle 
of 45^ on the sea of Bcggio, and when the surface of the 
water is perfectly unruffled either by the wind or the 
current, a spectator placed ii]W)ii an eminence in the city, 
and having hie hack to the sun and his fiice to the sea, 
obserreB upon the surface of the water superb palaces 
with their balconies and windows, lofty towers, herds luid 
flocks grazing in wooded valleys and fertile plains, armiee 
of men on horseback and on foot, with multiplied frag- 
ments of buildings, such as columns, pilasters, and arches. 
These objects pass rapidly in succession along the surfoco 
of the sea during the brief period of their appearance. 
The various objects thus enumerated are pictures of 
palaeea and buildings nctually existing on shore, and the 
living objects are of course only seen when they happen 
to form a part of thu general landEcape. 

If at the time that these phenomena are visible the 
atmosphere is charged with vapour or dense exhalations, 
the same objects which arc depicted upon the sea will be 
seen also in tho air occupying a space which extends from 
the surface to the height of twenty-iive feet These 
images, however, are less distinctly delineated than the 
former. 

If tho air is in such a state as to deposit dew, and is 
capable of forming the rainbow, the objects will be seen 
only ou the surface of the sea, but they all appear fringed 
with red, yellow, and blue light as if they were seen 
through e prism. 
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In our own country, and in onr own times, facte still 
more estraordiitary have been witnesEGil. From Hastings, 
on tbo coast of Sussex, the clifla on the French coast are 
fifty miles distant, and they are actuaUy hid by the con- 
vexity of the earth ; that is, a 8trn,ight line drawn from 
Hastings to the French coast would pass through the sea. 
On Wednesday, the 26th July, 1798, about five o'clock in 
the afternoon, Mr. Latham, a Fellow of the Koyal Society, 
then residing at Hastings, was surprised to see a crowd of 
people running to the seaside. Upon inquiry into tho 
cause of this, he learned that the coast of France could be 
seen by the naked eye, and he immediately went down to 
witness so singular a sight. He distinctly saw the clifls 
extending for some leagues along the French coast, and 
they appeared as if they were only a few miles off. They 
gradually appeared more and more elevated, and aocmed 
to approach nearer to the eye. The sailors with whom 
Mr. Latham walked along the water's edge were at first 
unwilling to believe in the reality of the appearance, but 
they soon became bo thoroughly convinced of it, that they 
pointed out and named to him the different places which 
they hod been accustomed to visit, and which they con- 
ceived to be as near as if they wore sailing at a small 
distance into the harbour. These appearances continued 
for nearly an lioni', the cliffs sometimes appearing brighter 
and nearer, and at other times fainter and more remote. 
Mr. Latham then went upon the eastern cliff or hill, 
which is of considerable height, when, as he remarks, a 
most beautiful scene presented itself to his view. He 
beheld at once Dnngenesa, Dover Cliffs, and the French 
coast all along from Calais, Boulogne, &c., to St. Vollery, 
and, as some of the fishermen affirmed, as far west as 
Dieppe. With the help of a telescope, the French 
fishiag-hoats were plainly seen at anchor, and the dif- 
ferent colours of tho land upon the heights, together with 
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the buildings, were perfectly diecemible. Mr. Latham 
likewise Btat«s that the cape of land called Dungeneas. 
which entends nenrly two mileo into the sea, and is about 
sixteen miles in a etraight line from Hastings, appeared as 
if quite cloee to it, and the veeselg and fiHhing-boata which 
were Bailing between tho two places appeared equally 
near, and were magnified to a high degree. These cunons 
phenomena continued "in the higiiest splendour" till 
past eight o'clock, although a black cloud had for some 
time totttlly obscured the face of the sun. 

A phenomenon no less marvelloua was seen by Pro- 
fessor Vince of Cambridge and another gentleman on the 
Fig. 31, 




6th August, 1806, at Eamsgato. The summits u ic a: y of 
the four turrets of Dover Castle are usually seen over tho 
hill AB, upon which it stands, lying between Rtimagate 
and Dover; but on the day above mentioned, at seven 
o'clock in the evening, when tho air was very still and alittlc 
hazy, not only were the tops v w a: y oi the four towers of 
Dover Castle seen over the adjacent kill A B, but the wlide 
of the easlJe, mnr ^, aj^eared ae if it were iitiiiiled on the 
tide of the hiU luxrl Ramsgale, and rising above the hill as 
much as usual. This pheuomenon was so very singular and 
unexpected, that at first sight Dr. Tince thought it an illn- 
sion; but upon continuing his observations, he became 
aatiafied that it was a real image of the castle. Upon 
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this he gave a telescope to a person present, who, upon 
attentive eianiinntion, saw also a very clear image of the 
C4stle, as the Doctor hod described it. He continued to 
observe it for about twenty minutes, dui-ing which time 
the appearance remained precisely the Enme, but rain 
coming on, they were prevented from maldng any further 
observations, fietweon the observers and the land ifom 
which the hill rises, there was about six miles of sea, and 
from thence to the top of the hUl there was about the 
same distance. Their own height above the surfoce of 
the water was aboiit seventy feet. 

This illusion derived great force from the rcraatkoble 
circumstance, that the bill itself did not appear through 
the image, as it might have been expected to do. The 
image of the castle was very strong and well defined, and 
though the rays from the hill behind it must nndonbtedly 
have come to the eyo, yet the strength of the image of the 
castle BO far obscured the background, that it made no 
sousihle impression on tlio observers. Their attention 
was, of course, principally directed to the image of the 
castle; but if the hiU behind had been at all visible, 
Dr. Vinee conceives that it could not have escaped their 
obsorration, as they continued to look at it for a consider' 
able time with a good telescope. 

Hitherto our aerial visions have been seen only in their 
erect and natural positions, either projected against the 
ground or elevated in the air ; but cases haTO occurred in 
which both erect and inverted images of objects Lave 
been soea in the air, sometimes singly, sometimes com* 
bined, sometimes when the real object was invisible, and 
sometimes when a part of it had begun to show itself tu 
the spectator. 

In the year 1793, Mr. Huddart, when residing at 
Allonby, in Cumborhiijd, perceived the inverted image of 
a aliip beneati; the image, as shown in Fig. 32 ; but 
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Dr. Tince, who afterwarda observed this phenomenon 

undei a greater varietf of forms, found that the ship 

Fig. 82. 




which was hero conBiiiered the real one, was only an eroct 
image of the real ship, which wos at the time beneatii the 
horizon, and wholly invisible. 

In August, 1798, Dr. Tince observed a great variety of 

these aerial images of vessels approaching the horizon. 

Flg.38. 




IJtlACES OP SHIPS. ZUiJ 

Sometimes there was seen only ono iavcrtod ijnago above 
the real gltip, and this waB generally the case when the 
real ahip woa full in view. But when the real ship was 
just beginuiiig to show its topmast above the horizon, as 
at A, Fig. 33, two aerial imagee of it were seen, one at B 
inverted, and the other in its natural position at C. In 
this case the sea was distinctly visible between the erect 
and inverted images, but in other cases the hull of the 
one image was immediately in contact with the hull of 
the other. 

Analogous phenomena were seen by Captain Seoresby 
when navigating with the ship Baffin in the icy sea in the 
immediate neighbourhood of West Greenland. On the 
28th of Jnnc, 1820, he observed about eighteen sail of 
ships at the distanco of ten oi fifteen miles. The sun 
had shone during the day without the interposition of a 
eloud, and his rays were peculiarly powerful. The inten- 
sity of its light occasioned a painful sensation in the eyes, 
while its heat softened the tar in the rigging of the ship, 
and melted the snow on the surrounding ice with such 
rapidity, that pools of fresh water were formed on almost 
every place, and thousands of rills carried the escese into 
the sea. There was scarcely a breath of wind : the sea 
was as smooth as a mirror. The surrounding ice wag 
crowded together, and eihibited every variety, from the 
smallest Imnps to the most magnificent sheets. Bears 
traversed the fields and floes in umiBual numbers, and 
many whales sported in the recesses and openings among 
the drift ice. About six in the evening, a light breeze at 
!N. W. having sprung up, a thin stratus or " fog bank," at 
first considerably illuminated by the sun, appeared in the 
same quarter, and gradually rose to the altitude of about 
a quarter of a degree. At this time most of the ships 
navigating at tho distance of ten or fifteen miles began to 
change their form end magnitude, and whcu. eTa.Tm^«&V3 
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a telescope from the masthead exhibited some extia- 
oidinai'j appearances, which differed at almost eveiy 
point of the compass. Ono ship hod a perfect imago, as 
dark and distinct as the original, united to its mftsthead 
in a reverse position. Tivo others presented two distinct 
inverted images in the air, one of them a perfect figure of 
the original, and the other wanting the hull. Two or 
three more were strangely distorted, their masts appearing 
of at least twice their proper height, the top-gallant mast 
forming one-half of the total elevation, and other veBsels 
exhibited an appearance totally different from all the pre- 
ceding, being as it were compressed in place of elongated. 
Their maata seemed to be scarcely one-half of their 
proper altitude, in consequence of which one would have 
supposed that they were greatly heeled to one side, or in 
the position called careening. Along with all the imagoB 
of the ships a reflection of the ice, sometimes in two 
strata, also appeared in the air, and these reflections 
suggested the idea of cliffs composed of vertical colii:nns 
of alabaeter. 

On the 15th, 16th, and 17th of the same month, 
Mr. Scureshy observed similar phenomena, sometimes 
extending continuously through half the circomfereuce of 
the horizon, anil at other times appearing only in 
detached spots in various quarters. The inverted images 
of distant vessels were often seen in the air, jehilc the ships 
themselves were far heyond the reach of viiion. Somu 
ships were elevated to twice their proper height, whilo 
others were compressed almost to a line. Hummocks of 
ice were surprisingly enlarged, and every prominent 
object in a proper position waa cither magnified or 
distorted. 

But of all the phenomena witnessed by Mr. Scoiesby, 
that of the Enchanted CoagI, as it may bo called, must 
IwYe been the most remarkable. This singular effect was 
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seen on tlie IStii July, wlien the sky was clear, and a 
iremnlonB nnd perfectly trnsspareiit vaponr was par- 
ticularly eeoeible and profuse. At nine o'clock in the 
morning, when the phenomenon was first seen, the ther- 
mometer stood at 42° Fahr., but in the preceding evening 
it most have been greatly lower, as the eea was in many 
places covered with a considerable pellicle of new ice, — a 
circumatance which in the very warmest time of the year 
must be considered as quite eitraordiuary, especially 
when it is known that 10^ farther to the north no freezing 
of the sea at this season had ever before been observed. 
Having approached on this occasion so near the unex- 
plored shore of Greenland that the land appeared distinct 
and bold, Mr. Scoreshy was ausious to obtain a drawing 
of it, but on making the attempt he found that the outline 
was constantly changing, and he was induced to examine 
the coast with a telescope, and to sketch the various 
appearariceB which presented tbemselves, Tbeao arc 
shown, without any regard to their proper order, in 
Fig. 34, which we shall describe in Mr. Scoresby's own 
words : " The general telescopic appearance of the coast 
was that of an extensive ancient city abounding with the 
ruins of castles, obelisks, churches and monnments, with 
other large and conspieuons buildings. Some of the hills 
seemed to he surmounted by turrets, battlements, spii'os, 
and pinnacles ; while others, subjected to one or two 
reflections, exhibited large masses of rock, apparently 
suspended in the air, at a considerable elevation above 
the actual termination of the mountains to which they 
referred. The whole exhibition was a grwid phantas- 
magoria. Scarcely was any particular portion sketched 
before it changed its appearance, and assumed the form of 
an object totcdly different. It was perhaps alternately a 
castle, a cathedral, or an obelisk; then expanding hori- 
zontally, and ooalescing with the adjoining hills, united 
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the intemieiliate Tolleya, tLuugk some miles in width, by a 
bridge of a, single arch, of the most luagnificent appenrauce 
and extent. Notwithstandtag those repeated chauges, tlio 
Tarioiis figures repreeented in tlic drawing hod all tlie 
distiuctnoBS of reality ; and not unl^ tKe difTerent strata, 
but also the Toiua of the rocks, with the wreatiia of enow 
occupying rftvinos and fissures, formed sharp and distinct 
lines, and exhibited every tippearance of the most perfect 
solidity." 




One of tlie most lumarkahlo &ots rospoctiug aerial 
miagiB piesenttd itselt (.; Mr. Scoresby in a later voyage 
which he performed to Ha coast of Greenland ia 1822. 
HaTiog seen an inverted ittage of a Hhip in the air he 
direet«d to it hia telescope ; h.' ^vaa able to discover it to 
be his father's ship, which was ^t the time below the 
horizon. "It was," says he, "so woU defined, that I conld 
distinguish by a telescope every saii, tbe general rig of 
the ship, and its particular character; iDsomuch, that I 
confidently pronounced it to bo my father's ship, the 
Fame, which it afterwards proved to be ; though, oa 
comparing notes with my father, I found that our relative 
position, at the time, gave a distance from one another 
of very nearly thirty miles, being about seventeen miles 
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beyond the horizon, and some leagues boyond the limit of 
direct vision, I was so etruck with the peculittrity of the 
circumstance, that I mentioned it to the ofGcer of the 
w&teh, slating my full convictioa that the Fame was then 
cruising in the neighbouring inlet." 

Several curious effects of the mirage were observed by 
Baroa Humboldt during his ti'avels in South America. 
When ho was residing at Cumono, he frequently saw the 
islands of Ficnita and Eoraciia suspended in the air, and 
sometimes with an inverted imago. On one occasion he 
observed small fishing-boats swimming in the oir, dnring 
more than three or foiu- minutes, above the well-defined 
horizon of the sea, and when they were viewed through a 
telescope, one of the boats had an inverted image 
aecompanyiiig it in its movements. This distinguished 
traveller observed similar phenomena in the barren 
steppes of the Caraccas, and on the borders of the Orinoco, 
where tho river is surrounded by saoidy plains. Little 
hills and chains of hills appeared suspended in the air, 
when seen from the steppes, at three or four leagues 
distance. Falm trees standing single in the Llanos 
appeared to bo cut oS at bottom, as if a stratum of air 
separated them from the ground ; and, as in the African 
desert, plains destitute of vegelntion appeared to be rivers 
or lakes. At the Mesa de Pavona M. Humboldt and 
M. Boapland saio cows sunpcnded in the air at the distance 
of 1000 toises, and having their feet elevated 3' 20" above 
the soil. In this case the images were erect, but tlie 
travellers learned from good authority that incerted 
iniaifes of liorsea had been teen sa^ended in Uie air near 
Calubozo. 

In all these cases of aerial spectres the images were 
directly above the real object ; but a curious case was 
observed by MM. Jui'ine and Soret on the 17th Sep- 
.(ember, ISIS, where the imago of the vessel was on one 
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side of the real one. About 10), p.m. a bark at the dis- 
tance of about 1000 toiBos from Bellorive, on tbo lake of 
GenoYa, was seon approocbing to Gonevft, by the left 
bank of tbe lake, and at the same time nu image of tlio 
Hails was observed above the water, which, instead of 
following tbo direction of the bark, separated from it. 
and appeared to approaeb Geneva by the right bank of 
the lake, the imaye moving from east to west, while the 
bark moved from north to south. When the image first 
Boparatfld from the bark they had both tbo same mag- 
nitude, but tho image diminished as it receded from it, 
and was reduced to one-hnlf whon the phenomenon 



A very rniusual eiample of aerial spectres occurred to 
Dr. A. P. Buchan while walking on the cliff about a mile 
to tbo east of Bi'ighton on the morning of the 28th 
November, IBOi. " While watching the rising of the 
Bnn," says he, "I turned my eyes directly towards tho 
sea, just as the solar disc emerged from the euriace of the 
water, and saw the face of the cliff ou which I was 
standing represented precisely opposite to mo at some 
distance on the oeeim. Calling the attention of my 
companion to this appearance, we discerned our own 
figures standing on the summit of tbo apparent opposite 
eliit as well as the representation of the windmill near at 
hand. 

" The reflected images were most distinct precisely 
opposite to whero we stood, and the false cliff seemed to 
fade away, and to draw near to tho real one, in proportion 
as it receded towards the west. This phenomenon lasted 
abaut ten minutes, or till the sun bad risen nearly his 
own diameter above the surface of tbo ocean. Tbo whole 
then seemed to be elovatod into tbo air, and snccessively 
disappeared, giving an impression very similar to that 
which is produced by the drawing up of a drop scene in 
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the theatre. The horizon was oloudy, oi' perhaps it 
might with more propriety be said that the em-fitce of the 
Bea was covered vrith a dense fog of mimy yai'ds in height, 
and which gradually receded before the riiys of the aun." 

An illusion of a Aitferent Icind, though not Iobb intereet- 
ing, is described by the Eeverend iUr. Hughes in his 
Travels in Greece, as seen from the summit of Mount 
JUtna, " I must not forget to mention," says he, " one 
extraordinary phenomenon which we observed, and for 
which I have searched in vain for a satisfactory solution. 
At the extremity of the vast shadow which ^tna projeofs 
across the island, appeared a perfect and distinct image of 
the mountain itself elevated above tlie horizon, and 
diminished as if viewed in a concave mirror. Where or 
what the reflector could be which exhibited this image 
I cannot conceive ; wo could not be migtaken in its 
appearance, for all our party observed it, and we had been 
prepared for it beforehand by our Catonian friends. It 
remained visiblo about ten minutes, and disappeared as 
the shadow decreased. Mr. Joaea observed the same 
phenomenon, as well as some other friends with whom I 
conversed upon the subject in England." 

It is impossible to study the preceding phenomena 
without being impressed with the conviction that nature 
is fall of tho marvellous, and that the progress of science 
and tho diffusion of knowledge are alone capable of 
dispelling the fears which her wondere must necessarily 
excite even in enlightened minds. When a spectre 
haunts the couch of the sick, or follows the susceptible 
vision of the invalid, a consciousness of indisposition 
divests the apparition of much of its terror, while ita 
invisibility to surrounding friends soon stamps it with 
the impress of a false perception, Tho spectres of the 
conjurer too, however skilfully they may be raised, quickly 
lose their supernatural character, and even the most 
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ignorant bcholdoi regardB tLo tnudom magioiuu 08 bat an 
ordiuary man, nho borrows from the eciences the bent 
working implements of hie art. Bat wlien, in tho midet 
of Bolitade, and in situations where the mind is nndis- 
tnrbed by sahlunary caree, we see our own image de- 
lineated in the air, and mimicking in gigantic pofEpective 
the tiny movements of humanity ;— when we see troops in 
military array performing their evolntiona on the very 
&CQ of an almoEt inaccessible precipice ; — when in the 
eye of day a mountain seems to become transparent, and 
exhibits on one side of it a castle which we know to cziet 
only on the othur ; — when distant objects, concealed by 
the FOundneBS of tho corth, and beyond the cognizance of 
the telescope, are actually transferred over tho intervening 
convexity and presented in distinct and magnified outline 
to our accurate examination ; — when such varied and 
striking })hantasms are seen also by all around us, and 
therefore appear in the character of real phenomena of 
natnre, our impressions of supematural agency can only 
be remoTeJ by a distinct and satisfactory knowledge of 
the caascB which gave them bii'th. 

It is only within the last forty years that science has 
brought these atmospherical spoctres within the circle of 
her dominion ; and not only are all their phenomena 
susceptible of distinct explanation, bat we can even re- 
produce them on a small scale with the eimplest elements 
of our optical apparatus. 

In order to convey ft general idea of the causes of these 
phenomena, lot A B C D, Fig. 35, he n glass trough 
filled with water, and let a small ship be placed at S. 
An eyo situated about E, will sco tho topmast of tho ship 
8 directly through the plate of glass E D. Fix a convex 
lens a of short focus upon the plate of glass B D, and a 
little above a straight line S F joining the ship and the eye; 
iind immediately above the convex lens a place a concav^ 
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The eye will now eee througb. the cotivei lens a as 
inverted image of the ship at S', and through the concave 
Ibub b, an erect image of the ship at S", repieeenting is a 




gcnenil wny the phenomena shown in Fig. 33. But it 

will be aslccd, where are the lenses in nature to produce 
these effects? This question is easily answered. If we 
take a tin tube with glass i)lalc8 at each end, and fill it 
with water, and if we cool it on the outside with ice, it 
will act like a concave lena when the cooling effect has 
reached the aiis ; and, on the other hand, if we heat the 
name tube filled with water, on the outside, it will act as 
a convex gloss. In tho first case the density of the water 
diminishes towards the centre, and in the second it in- 
creases towards the centre. The very Bame eflects are 
prodnced in the air, only a greater tract of air is neces- 
sary for showing the effect produced, by boating and 
cooling it unequally. If we now remove the lenses a, h, 
and hold a heated iron horizontally above the water in 
the trough ABC, the heat will gradually descend, 
expanding or rendering rarer the upper portions of tho 
fluid. If, when the heat has reached within a little of tlio 
bottom, we look through the trough at the ship S in tho 
dii'ection E 9', we shall see on inverted image at S', and 
KH Gleet one at S'', and if we hide &om the eye at E all 
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tbu sliip S excepting the topmiiEt, wo bIiuU have au exact 
represeutfttion of the phenomonon in Pig. 33. The 
oxperiiaent will succeed better with oil in place of water ; 
and the Bamo result may he obtained without heat, by 
jiouriug clear syrup into the glass trough till it is nearly 
one-thii'J full, and then liiling it up with water. The 
water will gradually iucorporate with the eyrup, and 
produce, as Dr. WoUaeton has ehowii, a reguliir gradation 
of density, diminishing from that of the pure eyrup to 
that of the pure water. Similfir effects may be obtained 
by using masses of traneparent solids, euch as glass, rock 
salt, &c. 

Now it is easy to conceiTo how the changes of density 
which we can thus produce artificially may bo produced 
in natnre. If in sorcnc weather the surface of the sea is 
much colder than the air of the atmosphere, as it frc- 
ij^uently is, and as it was to a very great degree during the 
phenomena described by Mr. Scoresby, the air neit the 
sea will gradually become colder and colder, by giving 
out its heat to the water ; and the air immediately above 
will give out its heat to the cooler air immediately below 
it, Eo that the air from the surface of the sea, to a con- 
siderable height upwards, will gradually diminish in 
density, and therefore mnst produce the very phenomena 
we have described. 

The phenomenon of Dotoi Castle, seen on the Bamsgate 
side of the hill, was produced by the air being more denss 
near the ground, and above the sea, than at greater heights, 
and hence the vuye proceeding fixtm the castle reached the 
eye in curved lines, and the cause of its occupying its 
natural position on the hill, and not being seen in the ou', 
woe that the top of the liill itself, in consequence of being 
so near the castle, sufTeied the same chango &om the 
varying density of the air, and therefore the castle and 
the hill were equally elevated and retained their relatira 
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po§itions. The reason why tho image of tho castle and 
the hill appeared erect was tLBt the rojs from the top nnd 
bottom, of the castle had not cruBsed before they reached 
Eatnegate ; but as they met at Kamegate, an eye at a 
greater distonco from the castlo, and in tho path of the 
raya, would have seen the image inverted. This will he 

I better understood from tho annescd diagram, which re- 
presents the actual progress of the rays, from a ship S P, 
earth P Q E. A ray prooeodiBg from the keel of the 
ship P is refracted into the curve line P c a: c E, and a 
ray proceeding from the topmast S is refracted in tho 
direction S d a; d E, the two rays crossing at x, and pro- 

»oeeding to the eye E with the ray from the keel P 
nppcrmost ; hence the ship must appear inverted as at s _p. 
Now if the eye E of tho observer had been placed nearer 
the ship as at x, before tho rays cioBScd, as was the case 
at Bamsgate, it would have seen an erect image of the 
ship raised a little above the real ahip S P- Bays S m, 
S n, proceeding higher up in tho air, are refracted in tho 
directions S m m E, S w n E, hut do not cross before they 
reach the eye, and therefore they afford the erect image 
of the shi]) shown at a" p. 
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Tlie aerial troopers Been at Sonterfoll were produced by 
tlio very samo prucQBs as the spectre of Dover CaBtlo, 
having been brought by nnequal refraction from one side 
of the hill ta the other. It is not our busineas to dis- 
cover how a troop of soldiers oame to be performing their 
evolutions on tbe other side of Sonterfell ; but if there 
WM then no road along which they could be marching, it 
is highly probable that thoy were troops exercising among 
the hills in secret previous to the breaking out of the 
Rebellion in 1745. 

The image of the Geneveae bark which was seen sailing 
at a distance from the real one, arose from the sama 
cause as the images of ships in the air, with this difference 
only, that in this cose tbe strata of equal density were 
vertical or perpendiculai' to the water, whereas in the 
former cases they were horizontal or parallel to the 
water. The state of the air which produced the lateral 
image may he produced by a headland or island, or even 
rocks, near the surface, and covered with water. These 
headlands, islands, or sunken rocks being powerfully 
heated by the sun in the daytime, will heat the air 
immediately above them, while the adjacent air over the 
sea wiU retain its former coolness and density, Henco 
there will necessarily arise a gradation of density varying 
in the same horizontal direction, or where the lines of 
equal density are vertical. If we suppose the very same 
state of the air to exist in a horizontal plane which exists 
in- a vertical plane, in Fig. 86, then the same images 
would be seen in a horizontal line, viz., an inverted one at 
H p, and an erect one ot 3 p. In the case of the Genevese 
bark the rays bad not crossed before thoy reached the eye, 
and therefore the imago was an erect one. Had the real 
Genevese bark been concealed by some promontory or 
other cause from the observation of MM. Jurine and 
Soret, they might have attached a sopematurBl character 
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to the spectral imago, especially if they had soon !t 
gradually decay, and finally disappear on tlie etill and 
imbroken eui'face of tlio lake. No similar fact had been 
previoualy observed, and there weie no cireumBfanoea 
in the case to have excited the sufipicioa that it was 
the spectre of a real vessel produced by unequal refrao- 

Tho spectre of the Brocken and other phenomena of 
the samo kind have essentially a different origin from those 
which arise from uneqnal refraction. They are merely 
shadows of the observer projected on dense vapour or thin 
fleecy clouds, wliich have the power of reflecting much 
light. They ore seen most frequently at sunrise, because 
it is at that time that the vapours and clouda neecssary 
for their production are most likely to be generated ; and 
they can be seen only when the sun is throwing his rays 
horizontally, because the shadow of the observer would 
otherwiso be thrown either np in the air, or down upon 
the ground. If there are two persons looking at tha 
phenomenon, ae when M, Haue and the landlord saw it 
togcthe ', each observer will aeo his oiva image most 
distinctly, and the Lead will be more distinct than the 
rest of the figure, because the rays of the sun will be 
more copiously reflected at a perpendicular incidence ; 
and as from this cause the light reflected from the vaponr 
01 cloud becomes fainter farther from the shadow, the 
appearance of a halo I'ound the head of the obs.^rver is 
frequently visible. M. Haue mentions the extraordinary 
circumstance of tho two spectres of him and the land- 
lord being joined by a third fiijwe, but he unfortun^.telj 
does not inform us which of the two figures waa doubled, 
for it is impossible that a person could have joined their 
party unobserved. It is very probable that the ne\.- 
spectre forms a natural addition to the group, as we have 
represented it in Fig. 30, and if this wae the cose, it oonld 
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uaXy hkre been prodnced bj a dnplintjon of one of the 
figiwes prodiic«d by nneqaal refraction. 

The reflected spectre of Dr. Bachaii EtsDdiiig npon 
the cliff at BrigbtoD arose from a canae to which v 
not yet adTCrted. It wan obviously no shadow, fu 
certain, from the locality, that the rays of the sun fell 
upon the &ce of the cliff and npon his person at an angle 
of abcint 73^ from the perpendicular, bo as to illuminate 
them strongly. Now there are tiro ways in which such 
on imago may have been reflected, namely, either from 
strata of air of variable den«^, or &«to a vertical Rtratom 
of vapour, consisting of exceedingly minate globniea of 
water. Whenever light enflers refraction, either in 
poasiug at once from one medium into another, or frum 
one part of tlie Mtme medium into another of different 
density, a portion of it suffers reflection. If an object, 
therefore, were strongly illuminated, a sufSciently distinct 
image, or rather Bhadow of it, might be socu by reflection 
from strata of air of different density. As the tem- 
perature at which moisture is deposited in the atmosphere 
Taries with the density of the air, tlien at the same tem- 
perature moisture might be depositing in a stratum of one 
density, while no deposition is taking place in tho adjacent 
stratum of a different density. Hence there would esist ae 
it were in the air a vertical wall or stratmn of minute 
globolee of water, from the surface of which a sufS' 
eiently distinct imago of a highly-illuminated object 
might be reflected. That this is possible may be proved 
by breathing upon glass. If the particles deposited upon 
the glass itro large, then no distinct reflection will take 
place ; but if the particles be very small, we shall see a 
distinct imngo foiTned by the snrfaee of the aqncons film. 

The phenomena of the Fata Morgana have been too 
imperfectly described to enable ns to offer a satisfactory 
explanation of them. The aerial images are obviously 
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those formecl by unequal refrftction. The pictures seen 
on the sea may be either the [uirial images refleeted from 
its surface, or frnm a stratum of dense vapour, or they 
may bo the direct reflections from the objects themBelves. 
The coloured images, as described by Minasi, have never 
been Boon ia any analogous phenomena, and require to 
be better described before they caa be submitted to 
scientific examination. 

The repreaentation of ships in the air by unequal 
refrttctioD has no doubt given rise in early times to those 
euperstitionB which have prevailed in different countries 
respecting " phantom ships," as Mr. Washington Irving 
calls them, which always sail in the eye of the wind, and 
plough their way through the smooth sea, where there ia 
not a breath of wind upon its surface. In his beautiful 
story of the storm ship, which makes its way up the 
Hudson against wind and tide, this elegant writer has 
finely embodied one of the most ibticrestiag superati- 
tions of the early American colonists. The Flying 
Dutchman had in all probability a similar origin, and the . 
wizard beacon-keeper of the Isle of Erance, who saw in 
the air the vessels bound to the island long before they 
appeared ii the offing, must have derived hie power from 
a diligent observation of the phenomena of nature. 
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LETTEE VII. 

lUuiiona dapendiii-j on the aar — Fraeliaed by the aneientt — Sjieaking 
and linking headt of the mm'enli — Exhibition of the inviiible giii 
described and explained — lUutioni ariiiiig ftom &^ diffi<^iQbj of 
ddermtting the diredirm of tomtdi — Singular example of thiM 
motion — Nature of tenlrUoquitm — Exhibitioni of mnK of tha 
mull cetebrated teulriloqaiiU — Jtt St, GiU» — Louit BridxitU — 
W. AUiandra—Cai'tain Lymi's aenmal of Eiquimaux vmilrOo- 

Neit to tLe eye tlie ear is the most fertile source of our 
illnsions, aud the anoient magicicuiB eeem ' to have been 
very succossful in tiii'nmg to their purposes the doctrines 
ot sound. In the lahyiinth of Egypt, which contained 
. twelve palaces and loOO suhterraneoue apartments, the 
gods were made to speak in a voice of thunder ; and Pliny, 
in whose time this singular Gtructurc existed, informs us 
that some of the palaces wero so constructed that their 
doors could not he opened without permitting the peals 
of thunder from being heard in the interior. When 
Darius Hystospes ascended the thi-one, and allowed hie 
subjects to prostrate themselves hefore him as a god, tho 
divinity of hia character was impressed upon his wor- 
ahippeis by the bursts of thunder and flaehes of lightning 
which accompanied their devotion. History bos of course 
not informed us how these eficcts were produced ; but it 
is probable that, in the subterraneous aud vaulted apart- 
ments of the Egyptian labyrinth, the reverberated sounds 
arising from the mere opening and shutting of the doors 
themselves afforded a s'lfflcient imitation of ordinary 
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ihimder. In the palace of the PerRian king, however, a 
more artifieial imitation is likely to have been eraployedj 
and it is not impi'obable that the method used in our 
modem theatres was knonn to the ancients. A thin 
sheet of iron, three or four feet long, such as that iiued 
for German stoves, is held by one corner between the 
finger and the thumb, and allowed to hang freely by ita 
own weight. The hand is then moved or shaken hori- 
zontally, so aa to agitate the eoi-uer in a. dii'ection at right 
angles to the surfacoof the sheet. By this simple prooesB 
a great variety of sounds will be produced, varying from 
the deep growl of distant thunder to those loud and 
esplosive bursts which rattle in quick succession from 
clouds immediately over our heads. The operator soon 
acquires great power over this instrument, so as to be 
able to produce from it any intensity and character of 
sound that may he required. The same cfiect may bo 
produced by sheets of tin plate, and by thin plates of 
n account of their small size, the sound is 
' shorter and more acute. In modem exhibitions an admi- 
nble imitation of lightning is produced by throwing the 
powder of roain, or the dust of lycopodinm, through a flame, 
ftnd the rattling showers of rain which accunipany these 
meteors are well imitated by a well-regulated shower of 

The principal pieces of aooustio niechaaiam used by 
the ancients were speaJdng or singing heads, which were con- 
structed for the purpose of represonting the goda, or of 
uttering oracular responses. Among these, the speaking 
head of Orpheus, which uttered its responses at Lesbos, 
IB one of the most famous. It was celebrated not only 
throughout Greece, but even in Persia, ojid it had the 
credit of predicting, in the equivocal language of the 
heathen oracles, the bloody death which terminated the 
expedition of Cyras the Great into Scythia. Odin, the 
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mightj magician of tho nortli, wlio imported into Scan- 
dinavia the magical arts of the east, poBsessed a speaking 
head, said to be tiat of the sage Miiioa, which he Iiad 
enchaeod in gold, and which utterod responses that had all 
the authority .of a divine royelatioii. The colebrated 
mechanic Gerbert, who filled the Papal chair a.d. 1000, 
under the name of Sylvester II., constructed a speaking 
head of brass. Alboi'tua Magnus is said to have esecutod 
a head in tho thirteenth centnry, which not only moved 
hut spoke. It was made of earthenware, and Thomas 
Aquinas is said to have been so terrified when ho saw it, 
that he broke it in pieces, upon which the mechanist 
exclaimed, " There goes the labour of thirty years." 

It has been supposed by some authors, that in the 
ancient speaking-machinos the deception wafi effected by 
means of yentriloquism, the voice issuing from the juggler 
himself; but it is more probable that the sound was con- 
veyed by pipes from a person in another apartment to the 
mouth of the figure. Lucian, indeed, expressly informs 
ua that the impostor Alexander made bis figure of ^scu- 
lapiuH speak, by transmitting his voice through the gullet 
of a ci'ano to the mouth of the statue ; and that this 
method was general, appears fiwm a passage in Theo- 
dorotns, who assures us that in the fourth contniy, when 
Bishop Theophilns broke to pieces the statues at Ales- 
andria, he found some which were hollow, and which were 
so placed against a wall, that the priest could conceal 
himself behind them, and address the ignorant spectators 
through their mouths. 

Even in modern times, speaking-machines have been 
constructed on this principle. The figure is frequently a 
mere head placed upon a holloir pedestal, which, in order 
to promote the deception, contains a pair of bellows, a 
sounding-board, a cylinder and pipes snpposed to ropre- 
Bont tho organs of speech. In other cases these are dis' 
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pensed with, and a simple wooden Lead utters its sounds 
througli a speaking-trmnpet. At the court of Cliarles IL 
this deception was exhibited with great effect by one 
Thomas Iison, an EDglishman, and when the astonishment 
had become very general, a popish priest was discovered 
by one of the pages in an adjoining apartment. The 
questions had been proposed to the wooden figure hy 
whispering into its ear, and this learned personage had 
answered them all with great ability, by speaking through 
a pipe in the ssme language in which the ciuestions 
were proposed, . Professor Beckmann informs ns that 
children and women were generally concealed either in 
the juggler's box, or in the adjacent apartment, and that 
the junior gave them every assistance hy means of signs 
previously agreed upon. When one of those eihibitions 
was shown at Gottingen, the Professor was allowed, on 
the proraisa of secrecy, to vritaeas the process of deception. 
Ho saw the asBistaut in another room, standing before the 
pipe with a card in his hand, upon which the signs agreed 
upon had been marked, and he had been introduced so 
privately into the house that even the landlady was 
ignorant of his being there. 

An exhibition of the very same kind has been brought 
forward in our own day, under the name of the Inviaible 
Girl ; and as the mechanism employed was estrcmely 
ingenious, and is well fitted to convey au idea of this 
class of deceptions, we shall give a detailed description 
of it. 

The maj^hinory, as contrueted by M. Charles, is shown 
in Fig. 37 in perspective, and a plan of it in Fig. 38. 
Tho four upright posts A, A, A, A, aro united at top 
by a cross rail B, B, and by two similar rails at bottom. 
Pour bent wires a, a, a, a, proceeded from the top of these 
posts, and terminated at c. A hollow copper ball M, 
about a foot in diameter, was suspended from these 
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vireB by four slender ribands b, b, h, b, and into the 
copper ball were fixed the extremities of four tnuupeta 
T, T, T, T, with their moutha outwards. 




TLe apporatua now described was all that was viBible 
to the spectator ; and though fixed in one spot, yet it 
had the appeuranc; of a piece of separate machinerj, 
which might have occupied any other part of the room. 




^ 



When one of the spectators was requested by the eihibitor 
to propose some question, ho did it by speaking into one 
of the trumpets at T. An appropriate answer was then 
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returned from all tlie liompcts, and tko sound UBiied 
with sufficient intensity to bo hoard by an ear applied to 
any of them, and yet it was bo weak that it appeared to 
come from a person of very diminutivo size. Hence the 
sound was supposed to como from an inTisiLle girl, 
though the real speaker was a full-grown woman. Tho 
invisible lady conversed in different languages, sang 
beautifully, and made tho most lively and appropriato 
remarks on tho persons in the room. 

This eshibition was obviously far more wonderful 
than tke spei^dng heads which we have described, as 
tho latter invariably communicated with a wall, or with 
a pedestal through which pipes could be carried into the 
next apartment. But tho ball M and its trumpets com- 
municated with nothing through which sound could bo 
conveyed. The spectator satisfied himself by examination 
that the ribands 6, 6, were real ribands, which concealed 
nothing, and which could convey no sound, and as ho 
never conceived that the ordinary piece of frame-work A B, 
could bo of any other use than its apparent one of support- 
ing the sphere M, and defending it from the spectators, 
he was left in utter amazement respecting the origin of 
the sound, and his surprise was increased by the difterenco 
between the sounds which were uttered and those of 
ordinary speech. 

Thnugh the spectators wore thus deceived by their 
own roasoning, yet the process of deception was a very 
simple one. In two of tho horizontal railings A, A, 
Fig. 38, opposite the trumpet mouths T, there was an 
aperture communicating with a pipe or tube which went 
to the vertical post B, and descending it, as shown at 
T A A. Fig. 39, went beneath tho floor// in the direc- 
tion p. Pi and entered the apartment N, where the invisible 
lady sat. On the side of tlio partition about h, there 
was a small holo, through which the lady saw what wan 
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going on in the exhibition room, snd commimications 
were no donbt made to her by signals &om the person 
Irho attended the raactine. When one of the spectators 
asted a question by speaking into one of the tmmpetB T, 
the sound was reflected from the mouth of the trumpet 
back to the apcrturo at A, in the Iwrizontal rail, Fig. 38. 




and was diKtinetly convcTcd along tLc closed tube into 
the apartment N. In like nianner the answer iBsued 
from the apertnro A, and being reflected back to the ear 
of the spectator by the trumpet, ho heard the sonnds 
with that change of character which they receive wieu 
traasmitted tkrough a tube and then reflected to the 

The surprise of the anditors nas greatly increased by 
the circumBtance, that an answer was retnmed to ques- 
tions put in a whisper, and also by the conriction that 
nobody but a person in the middle of the audience could 
observe the circnniBtances to which the invisible figure 
frequently adverted. 

Although the performances of speaking heads were 
generally effected by the methods now described, yet 
there is reason to think that the ventriloquist sometimes 
presided at the exhibition, and deceived the andienca 
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by hia extraordinary powers of illusion. There is no 
species of deception more irresistiblo in its effects than 
that which arises from the nncertainty with which wo 
jndge of the direction and distance of Bounds. Bvery 
person must have noticed how a sound in their own ears 
is often mistaken for some loud noise modei'ated by the 
distance from which it is supposed to come; and the 
sportsman mnst have frequently been surprised at the 
eidstence of musical sounds humming remotely in tho 
estendod heath, when it was only the wind sounding in 
the barrel of his gan. The great proportion of apparitions 
that haunt old castles and apartments associated with 
death exist only in the sounds which accompany Ihem. 
The imagination even of the boldest inmate of a place 
hallowed by superstition, will transfer some trifling 
sound near his own person to a direction and to a distance 
very different from the truth, and the sound which other- 
wise might have no peculiar complexion will derive 
another character from its new locality. Spui'ning the 
idea of a supernatural origin, he dctormiues to unmask 
the gpcctro, and gi'apple with it in its den. All the 
inmates of tho house are found to be asleep — even the 
qnadnipeds are in their lair — there is not a breath of 
wind to ruffle the lake that reflects through the casement 
the reclining crescent of the night ; and the massive 
walls in which he is inclosed forbid tho idea that ho has 
been disturbed by the warping of panelling or tho 
bonding of partitions. His search is vain ; and he remains 
master of his own secret, till he has another oppoi-timity 
of investigation. The same sound again disturbs him, 
and, modified probably by his own position at the time, 
it may perhaps appear to come in a direction slightly 
different from the last. His seai'ches are resumed, and 
ho is again disappointed. If this incident should 
night after night with tiie same result ;— if the sound 
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ehoTild appear to depend upon his own motions, 
Bn;^)iow associated with himself, with hiB present feelings, 
or with his past hiatoiy, hia poreonal conrage will give 
way, a superstitions dread, at which he himself perhaps 
litnghs, will seize his mind, and he will rather believe 
that the sounds have a supernatural origin than that 
they could continue to issue irom a spot where he knows 
there is no natural caase for their production. 

I have had occasion to have personal knowledge of a 
case much stronger than that whicb has now been pat. 
A gentleman, devoid of all superstitions feelings, and living 
in a house free from any gloomy associations, heai'd night 
after night in his bedroom a siogular noise unlike any 
ordinary sound to which he was accustomed. Ho had 
slept in the same room for years without hearing it, and 
he attribnted it nt first to some change of circnmstanoea 
in the roof or in the walls of the room, but after the 
Btrictest eiamination no cause could be found for it. It 
occurred only once in the night ; it was heai'd almost 
every night, with few interruptions. Jt was over in an 
instant, and it never took place till after the gentleman 
had gone to bed. It was always distinctly heard by his 
companion, to whose timo of going to bed it had no 
relation. It depended on tiie gentleman alone, and it 
followed him into another apartment with another bod, 
on the opposite side of the house. Accustomod to such 
investigations, he made the most diligent but fruitless 
search into its cause. The consideration that the sound 
had a special reference to him alone, operated upon his 
imagination, and he did not scruple to acknowledge that 
the recnrrenco of the mysterious sound produced » 
superstitious feeling at the moment. Many months 
afterwards it was found that the souud arose from the 
jiartift! opening of the door of a wardrobe which was 
within a few feet of the gentleman's head, and whieb 
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had boen taken iuto tlio other apartment. This wnrdiobo 
was olmost alivays opened before he retired to bed, and 
the door being ft little too tight, it gradually forced itself 
open ivith a sort of dull Bound, roaembling the noto of a 
drum. As tlie door had only started half an inch out of 
its place, its ehonge of place never attracted attention. 
The sonnd, indeed, seemed to eome in a different direction, 
and from a greater distance. 

When sounds so mysterions in their origin are heard 
by persona prodispoBed to a belief in the marvellous, 
their influence over the mind must be very powerful. 
An inquiry into their origin, if it is niade at all, will bo 
mado more in the hope of confirming than of removing 
the original impression, and the unfortunate victim of 
hia own fears will alao be the willing dupe of hia own 



This uncertainty with respect to the direction of aound 
is the foundation of tho art of ventriloquism. If we pla<:e 
ten men in a row at such a diatance &om us that they 
are included in tho angle within which we cannot judge 
of tho direction of sound, and if in a calm day each of 
them speaks in succession, we shall not he able with 
closed eyes to determine from which of tho ten men any 
of tho sounds proceeds, and wo ahall bo incapable of 
perceiving that thcro is any difference in the direction of 
tho sounds emitted by the two uttermost. If a man and 
a child are placed within the same angle, and if the man 
speaks ivith the accent of a child without any corregpond- 
ing motion in his mouth or face, we ahnll necessarily 
believo that the voice comoa from the child : nay, if the 
child is ao distant from the man that tho voice actually 
appears to ua to come from the man, we will still continue 
in the belief that the child is the speaker ; and this con- 
viction would acquire additional strength if the child 
favoiu'ed the deception by accoiomodating ita featnroB and 
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gestureB to the words spoken by the man. So powerfnl, 
indeed, ia the influeneo of this deception, that if a jack- 
nes placed neat the man weie to open its mouth, and 
shake its head rcRponeive to the words uttered by his 
neighbour, we would rather bclieTO that the a«s spoke 
thnn that the sounds proeeeded frniu a person whose 
mouth was abut, and the muscles of whoae iace were in 
pei-fect repose. If our imagination were even directed 
ti) a, marble statue or a lump of inanimate matter, as the 
som'co fiiJin which wo were to cipcet the sounds to issue, 
we would still be deceived, and would refer the sounds 
even to these lifeless objects. The illusion would bo 
gi'oatly promoted if the voice were totally different in 
its tone and character from that of the man from whom 
it really comes ; and if he occftsionally speak in his own 
full and meaaured voice, the belief will be irresistiblo that 
the assmned voice proceeds from the quadruped or from 
the inanimate object. 

When the sounds which are required to proceed from 
any given object arc such as they are actually calculated 
to yield, the process of deception is extremely easy, and 
it may be snccossfnlly csecntcd even if the angle between 
the real and the suppoeed directions of the soilnd is much 
greater than the angle of uncertainty. Mr. Dugald 
Stewart has stated some cases in which deceptions of this 
kind were very perfect. Ho mentions his Laving seen 
a person who, by counterfeiting the gesticulations of a 
perfcrmer on the violin, while he imitated the music by 
his voice, riveted the eyes of his audience on the instrii' 
meat, thoi^h every sound they beard proceeded from his 
own month. Tho late Savilo Carey, who imitated the 
whistling of the wind through a narrow chink, told Mr, 
Stewart that he had frequently practised tliis deception 
in the comer of a coffce-houfic, and that he seldom 
failed to sec some of tho company rise to examine tho 
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tightness of the windowB, while others, more iutout oa 
their nowapapere, contentod themselTes witJi putting on 
their hala and buttoning ttoir coats, Mr. Stewart 
likewise mentions an eshibitioii formerly conunon in 
some of tho continental theatres, whore n performer on 
the stage displayed tlio dnnib show of singing with his 
lips and eyes and gestures, while another person nnseen 
Bnpplied tho mnsio with his voiee. Tho deception in 
this case he found to be at first so complete as to impose 
upon the nicest ear and the qniefeest eye ; but in the pro- 
gi'oss of tho entertainment he became distinctly sensible 
of tho imposition, and sometimes wendei'ed that it should 
have misled him for a moment. In this case there can bo 
no donbt that the deception was at first tho work of the 
imagination, and was not suBtainecI by the acoustio 
principle. The real and the mock singer were too distant, 
and when the influence of tho imagination subsided, tho 
true direction of the sound was discovered. This detec- 
tion of the imposture, however, may have arisen from 
another cause. If the mock singer happened to change 
the position of his head, while the roal singer made no 
corresponding change in his voice, the attcntiTo spectator 
would at once notico this incongruity, and discover tho 
imposition. 

Ill many of tho feats of ventriloquism the pciformer 
contrives, under some pretence or other, to conceal his 
face, but vontrilociuists of great distinction, such as M. 
Alesandre, practise their art without any Buch conceal- 

Ventriloquism loses its distinctive character if its 
imitations are not performed with a voice from the belly. 
The voice, indeed, does not actually come from that 
region, but when the vontriloqnist utters sounds from the 
larynx without moving the muscles of his face, he gives 
them strength by a powerful action of the ftMowpaX 



Hence lie speaks by means of his belly, 
although the throat is the real sourco from which the 
sounds proceed. Mr. Dugald Stewart has doubted "the 
fact, that Tcntriloquista possess the power of fetching a 
voice from within : he cannot conceive what aid coultl be 
derived from su:;h an extraordinary power ; and lie eon- 
Biders that the imagination, when seconded by such 
powers of imitation as some mimics possess, is ignite 
snfBcient to account for all the phenomena of ventriloquism 
which ho has heard. This opinion, however, is strongly 
opposed by the remark mado to Mr. Stewart himself by a 
ventriloquist, " that his art would be perfect if it were 
possible only to speak distinctly without any movement of 
the lips at all," But, independent of this admission, it is 
n matter of absolute certainty, that this internal power is 
exercised by the true ventriloquist. In the account 
ivhich the AbhS Chapelle has given of the performances 
of M. St. Gillo and Louis Brabant, he distinctly states 
that M. St. Gille appeared to be absolutely mute while he 
was exercising his art, and that no change iu his counte- 
nance could he discovered.* He oi&rms also that the 
countenance of Louis Brabant exhibited no change, and 
that his lips were close and inactive. H. Bicherond, who 
attentively watched the perfonnancos of M, Fitz-James, 
assnres us that during his exhibition there was a disten- 
sion iu tho epigastric region, and that he could not long 
continue the exertion without fatigue. 

The influence over .the human mind which the ventrilo- 
quist derives from the skilful practice of his art is 
greater than that which is exercised by any other species 
of conjurer. The ordinary magician requires his theatre, 
his accomplices, and the instruments of his art, and he 
enjoys but a local sovereignty within tho precincts of Lii 

' Eili'Hiiurgh Jountal of Science, No. xvtii. p. 254. 
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own magic circlo. The vontriloquiBt, on the contrary, 
haa tliG Bupcrnatural always at Lis command. In tho 
opun fields, aa well as in the crowded city, in the private 
apartmunt, as well as in the piihlio hall, he can Bummon 
up innumerftble npirits ; and thongh the i)erBona of his 
fictitious dialoguo aro not visible to the eye, yet thoy 
are as nneijui vocally present to the imagination of his 
auditors as if they had been shadowed forth in the silence 
of a spectral form. In order to convey some idea of the 
influence of this illusion, I shall mention a few well- 
authenticated cases of successful ventriloqniam. 

M. St. Gille, a grocer of St. Germain-en-Laye, whose 
performances Lave been recorded by the Abbd de la 
Chapellc, had occasion to shelter himself from a storm in 
a neighbouring convent, where the monks were in deep 
mourning for a mnch-esteeraed member of their community 
who had been retently buried. While lamenting over 
tho tomb of their deceaaed brother the slight honours 
which had been paid to his memory, a voice was suddenly 
heard to issue from the roof of the choir, bewailing the 
condition of the deceased in purgatory, and reproving the 
brotherhood for their want of zeal. The tidings of this 
supernatural event brought the whole brotherhood to the 
church, Tho voice from above repeated its lamentations 
and reproaches, and tho whole convent fell upon their 
faces, and vowed to make a reparation of their error. 
They accordingly chanted in full choir a De Profundia, 
during tho intervals of which the spirit of the departed 
monk oxpressed his satisfaction at their pious eserciscB. 
Tho prior afterwords inveighed ngaiuBt modern scepticism 
in tho subject of apparitions, anil M. St. Gille had gi'cat 
difficulty in convincing the fraternity that the whole was 
11 deception. 

On another occasion, a commission of the Royal 
Academy of Sciencca at Paris, attended by several 
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perBoUB of the highest tank, met at St. Germam-cn-LDij^o to 
witaeBS tho porformances of M. St. Gille. The real object 
of tteji meDting was purposely withheld from a lady of 
the party, who waa informed that aa aerial spirit had 
lately establiBhed itself in tho neighbourhood, aud that the 
object of the osserahly was to investigate the nrnttor. 
When the party had Bat down to dinner in the open air, 
the spirit addressed tho lady in a voice which seemed to 
come from above their heads, from the surface of tho 
ground at a great distance, or from a considerable depth 
under her feet. Having been thus addressed at intervals 
during two hours the lady was firmly convinced of tho 
existence of the spirit, and could with difficulty be 
nndecoivcd. 

Another ventriloc[uiat, Louis Erobant, who had been 
valet do chambre to Francis I., turned his powers to a 
more profitable account. Having fallen in love with & 
rich and beautiful heiress, ha was rejected by her 
]^)arents as an unsuitable match for their daughter. Ou 
the death of her father, Louis paid a visit to tho widow, 
and ho had no sooner entered the house than she heard 
the voice of her deceased husband addressing her 
from above, "Give my daughter in marriage to Louis 
Brabant, who is a man of large fortune and esccUcnt 
character. I cndoro the inexpressible torments of 
purgatory for having refused her to him. Obey this 
admonition, aud give everlnating repose to tho soul of 
your poor husband." This awful command could not he 
resisted, and the widow announced her compliance 
with it. 

As our conjuror, however, required money for the 
completion of his marriage, he resolved to work upon tho 
fears of one Coruu, an old banker at Lyons, who had 
amassed immense wealth by usury and oitottiou. 
Having obtained an interview with the miser, he intro- 
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duced the Bahjects of demons and spectres and the 
tormonts of purgatory, and, during au interval of silence, 
the voice of the miser's deceased father was hoard coni- 
plaining of his dreadful situntion in purgatory, and 
calling upon his son to reseuo him from his sufferings 
hy enabling Louis Brahant to redeem the Christiana thut 
were enslaved Ly the Tuiks, The awe-stiuck miser was 
also threatened with eternal damnation if he did not thus 
expiate hia own sins ; but sucli was the grasp that the 
banker took of his gold that the Tontriloq^uist was 
ohUgod to pay him another visit. On this eecosion, not 
only his father, hut all his deceased relations appealed to 
him in behalf of his own soul and theirs, and such was 
the loudness of their complaints that the spirit of the 
banker was subdued, and he gavo the ventriloquist tea 
thousand crowns to liberate the Christian captives. 
When the miser was afterwards undeceived, he is said to 
have been so mortified that he died of vexation. 

The ventriloquists of the nineteenth century made great 
additions to their art, and the porfoimanees of M. Fitz- 
James and M. Alesandre, which must have been seen by 
many of our countrymen, were far superior to those of 
their predecessors. Besides the art of speaking by the 
r, iiscles of tlio throat and the abdomen, without moving 
tlioso of tbe face, thcfio artists had not only studied with 
;;i'eat diligence and success the modifications which sounds 
of all kinds undergo from distance, obstructions oad other 
causes, but had acquired the oi't of imitating them in the 
highest perfection. The ventriloquist was therefore able 
to caiTy on a dialogue in which the drmiiatu races, aa they 
may bo called, were numerous ; and when on the outside 
of an apartment he could personate a mob with its infinite 
variety of noise and vociferation. Their influence over an d 

[ audience n*aa still further extended by a singular power m 
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succeeded in makmg tho opposite or correBponding 
muscles act differently from oiioh other ; and ivhile oao 
side of hie face was merry tind Innghing, tJio other was 
full of sorrow and in tears. At one monicnt he was tall, 
thin, and melanuholic, and after passing hchind a screea 
he came out "bloated with obesity and staggering with 
fulness." M. Alexandre poBsessed tho Bamo power OTcr 
hia face and figure, and so striking was the contrast of two 
of these forms, that an excellent sculptor, Mr. Joseph, has 
perpetuated them in marble. 

This new acquirement of the ventriloquist enabled him, 
in his own single person and with his own single voice, to 
represent ujioa the stage a dramatic composition which 
would have required tho assistance of several actors. 
Although only one character ia the piece could be seen, at 
the same time, yet they all appeared during its perform- 
ance, and the change of face and figure on the part of 
the ventriloquist was so perfect that his personal identity 
could not be recognised in the dramatis persona. This 
deception was rendered still more complete by a par- 
ticular construction of tlie dresses, which enabled tho 
performer to reappear in a new character after an interval 
ao short that the audience necessarily believed that it wbb 
another person. 

It is a curious circumstance that Captaiu Lyon found 
among the Esquimaux of Igloolit ventriloquists of no 
mean skill. There is much rivalry amongst tho pro- 
fessors of the art, who do not expose each othci's secrets, 
and thoir exhibitions derive great importance from the 
rarity of thoir occtirrence. The following account of one 
of them is so interesting that we shall give the whole of 
it in Captain Lyon's words. 

"Amongst our Igloolik acquaintoaces wore two females 
and a few male wizards, of whom the principal was 
Toolemak, This poraonago sv.-.s cunning and intelligent, 
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I And, wlietlier professionally, or &om his skill in the 
chaBO, bnt perhaps from both reasons, was considered by 
all tbe tribe as a man of importance. As I inyariablj 
paid great deference to liis opinion on all subjects con- 
nected with his culling, he freely communicated to me hia 
superior knowledge, and did not scruple to allow of my 
being present at his interviews with Tornga, or his 
patron spirit. In consequence of this, I took an early 
opportunity of rBq[ue8ting my friend to eihibit his skill 
in my cabin. His old wife was with him, and by much 
flattery and an accidental display of a glittering knife 
Bud some beads, she assisted me in obtaining niy request. 
All light excluded, our sorcerer began chanting to hia 
wife with great vehemence, and she in return answered 
by singing the Amna-aya, wJiich was not discontinued 
during the whole ceremony. As far as I eoidd hear, he 
afterwards began turning himself rapidly round, and in a 
loud powerful Yoice vociferated for Tomga with great 
impatience, at the same time blowing and snorting like a 
walrus. His noise, impatience, and agitation increased 
every moment, and he at length seated himself on tho 
deck, varying his tones, and making a rustling with his 
clothes. Suddenly the voice seemed smothered, and was 
BO managed as to sound as if retreating beneath tho 
deck, each moment becoming more distant, and ultimately 
giving the idea of being many feet below the cabin, when 
it ceased entirely. His wife now, in answer to my 
queries, informed mc very seriously that he had dived, 
and that ho would send up Tornga. Accordingly, ia 
about half a minute, a distant blowing was heard very 
slowly approaching, and a voice, which differed from 
that at first heard, was at times mingled with tho 
blowing, until at length both sounds became distinct, 
and tho old woman informed mc that Tomga was come 
to answer my questious. I accordingly asked several 
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ijneBtions of the Bagacious epiril, to each of vluch 
inquiries I receired an aasn-er liy two load clape oa 
the deck, which I was giTen to nnderstand were favDiir- 

able. 

" A Tory hollow, yet powerfnl voice, certainly much 
difieront from the tones of Toolemak, now chanted for 
Bome time, and a strange jumble of hisses, groans, shouts, 
and gabblings like a turkey succeeded in rapid order. 
The old wonum sang with increufed energy, and as I toofe it 
fur granted that this was all intended to astonish the 
Kdbloona, I cried repeatedly that I was very much 
afraid. This, as 1 eipccted, added fuel to the fiio, until 
the poor immortal, exhausted by its own might, Hsked 
leave to retire. 

" The voice gradually sunk from oar hearing as at first, 
and a very indistinct hissing succeeded ; in its advance it 
sounded like the tone produced by the wind on the bass 
chord of an Julian harp. This was soon changed to a 
rapid hiss like that of a rocket, and Toolemak with a yell 
announced his return. I had hold my breath at the first 
iliHtant hissing, and twice eihausted myself, yet our con- 
jurer did not once respire, and even his returning and 
powerfnl yoll was uttered without a previous stop or 
inapiratioB of air. 

"Light being admitted, our ivizai'd, as might be ex- 
pected, n'os in a profuse perspiration, and certainly much 
exhausted by his exertions, which had coutinued for at 
least half an hour. Wo now observed a couple of bnnchos, 
each consisting of two stripes of white deer-skin and a 
loug piece of sinew, attached to the back of his coat. 
These we had not seen before, and were informed that 
tliey had been sewn on by Tomga while he was below."* 

Captain Lyon had the good fortune to witness another 

of Toolemak's exhibitions, and ho was much struck witli 

• FrimU Jaiirml <•/ Oip'"/" G. F. I.yvii, pp. 358, 361. 
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the wonderful steadiness of the wizard throughout the 
whole performance, which lasted an hour and a half. 
He did not once appear to move, for he was so close to 
the skin behind which Captain Lyon sat, that if he had 
done so he must have perceived it. Captain Lyon did 
not hear the least rustling of his clothes, or even dis- 
tinguish his breathing, although his outcries were made 
with great exertion.* 

* PrivaU Journal 0/ Captain G, F, Lyon, p. SGd 
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Maticnl and harmonic aowidi exptalned—Pomer of breaking gltuia 
ailh (Ae wia—Miliical maiuhfrorn <he vibration nf a coJumii of 
air — Aad of mlid bodia — KaJeidophone —Singular acourfic 
figurei produeed on land laid on vibraiing pfaJei of glan, and 
on etretched mambrana — ' Vibration of flat nderg, and njUndfn 
of gtaM^FrodiuAion of tiUnce from (tio kuhmJ* — Produrtion of 
darktWMfrom two lighti — Explanation oftheee lingular ejeeli — 
ArjHutln automaioiy — Droi'i bleating eherp — Maitiardct't tinging 
bird — VaneantoiCt fiule-player — Hii pipe and tabor player — 
Baron Kempden'i talliinij engine — KralseniteiH'i ipeaking 
niacliine — Mr. II'iHii'i retearche). 

Ahokq the diEcoTeries of modei?. Bcience there ore few 
more remarkable than those which rehite to the prodnc- 
tion of harmouic Honnda. We are &11 familiar with the 
effects of musical instruments, from the docp-toned voice 
of the organ to the wiry shrill of the Jew's harp, Wb sit 
entranced under their magical influence, whether the ear 
is charmed with the melody of their sounds, or the heart 
iigitnted hy the sympathies which they rouse. But 
tliough we may admire their external form, and the skill 
tif the artist who constructed them, we never thinlt of 
inquiring into the cause of such eatraordinary coinhina- 

Sounds of all kinds are conveyed to the organ of hearing 
through the air ; and if this element were to bo destroyed 
all nature would be huried in the deepest ailencc. Noises 
of every variety, whether they are musical or discordant, 
high or low, move through the air of our atmosphere at 
tlie surface of the earth with a vcloeity of 1090 feet in a 
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Beeoud, or 765 miles per hour ; but in snlpliurona acid 
gas sound movoa only througli 751 feot in a second, while 
iu hydrogen gas it moves with the great velocity of 0000 
font. Along fluid nnd solid bodies its progress is still 
more rapid. Through water it moves at the rate of 4708 
feet in a second, through tin at the rate of 8175 feet, and 
through iron, glass, and some kinds of wood, at the rate 
of 18,530 feet. 

When a number of single and separate sounds fellow 
each other in rapid succession, they produce a continued 
sound, in the same manner as a continuous circle of liglit 
is produced by whirling round a burning stick before the 
eye. In order that the sound may appear a single one to 
the ear, nearly sixteen separate sounds must follow one 
another every second. When theao sounds are exactly 
similar, and recur at equal intervals, they form a muaieal 
sound. In order to produce such sounds from the air, it 
must receive at least sixteen equally distant impulses or 
fltrekea in a second. The most conunon way of producing 
this effect is by ft string or wire A B, Fig. 40, stretched 
between the fixed points A, B. If tills string is taken by 
the middle and pulled aside, or if it is suddenly struck, it 
will vibrate between its two fixed points, as shown in tho 
figure, passing alternately on each side of its aiia A B, 
the vibrations gradually diminishing by the resistanee of 
tho air till the string is brought to rest. Its vibrations, 
however, may be kept up by drawing a rosined fiddle-bow 
aeroBB it, and while it is vibrating it will give out a soimd 
corresponding to the rapidity ef its vibrations, and arising 
from tho Bucoessive blows or impulses given to the air by 
the string, This sound is called the fundamental sound 
of the string, and its acuteness or sharpness increases 
with the number of vibrations which the string performs 
in a second. 

If we now touch the vilirating string A' B' lightly with 
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the finger, or with a featlier at the middle point 0, Fig. 
iO, it will givQ out a more acnte but fainter Bomid than 
before, and while the extent of its vibrations is diminislicd. 
their fre<iuBn<iy is doubled. In like manner, if wo touch 
the string A" B", Fig. 40, at a iioint C, so that A" C ia 
one-third of A" B", the note will bo atill more acnto, and 
correspond to thrico tho number of vibrations. All this 
might have been expected, but the wonderful part of the 
cxpceriment is, that tho vibrating string A' B' dividex 
itself at C into two pi.vts A' C, C B'. tlio part A' C 
vibrating round A' and C as fixed points, and the part 
C B' round C and B', but always bo that the part A' G ia 




at tli9 same distanoo on tho one side of tho axis A' B' as 
at A m C, while the part C B is on the other side, as at 
C n B. Hence the point C, being always pulled by equal 
and opposite furces, remains at rest as if it wore absolutely 
fixed. This stationary point is called a node, and the 
vibrating portions A' m C, C » B' loops. Tho very same 
is true of the string A" B", the points C and D being 
stationary points ; and upon the same principle a string 
may be divided into any number of vibrating portions. 
In order to prove that the string is actually vibrating in 
these eq^ual sulidivisions, wo have only to place a pieae of 
light paper with a notch in it on different parts of the 
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ttring. At tlie nodes C and D it will remain perfectly at 
rest, while at tn or n in tlie middle of the loops it will bo 
t Jrown off or violently ngitated. 

Tho acute sonndB giren out by each of the vibrating 
portions are called Itarmonie eotmds, and they accompany 
tho fundomental sound of the string in the very same 
manner, as we have already seen, that the eye sees the 
accidental or harmonic colours while it ia affected with 
the fundamental colour. 

The subdivision of the string, and consequently tho 
production of harmonic sounds, may he offectod withont 
touching the string at all, and by means of a sympathetic 
action conveyed by the air. Jf a string A B, for example, 
rig. 40, is at rest, and if a shorter string A" 0, one-third 
of its length, fixed at tho two points A'' and C is set 
a-vibrating in the same room, the string A B will be set 
a-vibrating in three loops like A" E", giving out tho 
same harmouio sounds as the snioll string A" C. 

It is owing to this property of sounding bodies that 
singers with great power of voice are able to break into 
pieces a large tumbler glass, by singing close to it its 
proper fundamental note ; and it is &ora the same sym- 
pathetic communication of vibrations that two pendulum 
clocks filed to the same wall, or two watches lying upon 
yie same table, will take the samo rate of going, though 
they would not agree with one another if placed in sepa- 
rate apartments. Mr. Ellicott even observed that the 
pendulum of the one clock will stop that of the other, and 
that the atoppod pendulum will after a cortftin time resume 
its vibrations, and in its turn stop the vibrations of the 
other pendulum. 

The production of musical sounds by the vibrations of 
a column of air in a pipa is familiar to every person, but 
tlic extraordinary mechanism by which it is effected is 
known principally to philosophers, A column of aii in a 
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|iipo uuy bo Bet a-vibratiag hj liloiring over the open end 
of il, as is done in Pan's pipes, oi by blowing oTor a liole 
in its Bide as in the flute, or by blowing throngb on aper- 
ture called a reed, with a flG:fible tongue, as in the 
ulotionot. In order to understand the nature of this 
vibration, let A B, Fig. 41, be a pipe or tube, and let us 
place in it a spiral spring A B, in which the coil or spire 
are at equal disttincos, each end of the spiral being fixed to 
the end of the tube. This elastic spring may be supposed 
tu) I'epresent the air in the pipe, which is of equal density 
throughout. If wo take hold of the spring at m, and push 

FigAI. 
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the point m towoi'ds A and towards B in succession, it 
\vill give us a good idea of the vibration of qu elastic 
column of air. When ni is pushed towards A, the Bpiral 
spring will be compressed or condensed, as shown at m A, 
No, 2, while at the other end it will bo dilated or rarefied, 
06 shown at m B, and in the middle of the tnbe it will 
have the same degree of compression as in No. 1. When 
the string is drawn to the other end of the tube B, the 
spring will he, as in No. 3, condensed at the end B, and 
dilated at the end A. Now when q column of nir vibratos 
in a pipe A B, the whole of it rushes alternately from B 
U> A, as in No, 2, and from A to B, as in No, 3, being 
condensed at the end A, No. 2, and dilated or rarefied at 
the end B, while in No, 3 it is rarefied at A and eon- 
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dcQBed at B, preservrng its natural doDsitj at tbo middle 
point bclwQcii A and B. In the case of the spring tho 
GDde A B are alternately pushed ontwards and pulled 
inwariis by the spring, the end A being pushed outwarda 
in No. 2, and B puUod inwards, while in No. 3 A is 
pulled inwards and B pushed outwnrdE. 

That the air vibrating in a pipe is actually in the state 
now described may be shown by boring small holes in tho 
pipe, and putting over them pieces of a fine membrane. 
Tho membrane opiwsite to the middle part between A 
and B, whore the particles of the air have tho greatest 
motion, will bo violently agitated, while at points ucaroi 
the ends A and B it will bo less and less affected. 

Let us now suppose two pipes A B, B C, to be joined 
together as in Fig. i2, and to be separated by a iixed 

^ Fig. 12. 
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partition at B ; and let a spiral spring be fixed in caeh. 
Let the spring A B be now pusiied to the end A, while the 
spring B C is pushed to C, as in No. 1, end bock again, as 
in No. 2, but always in opposite directions ; then it is 
obvious that the paitition E is iii No. 1 drawn in opposite 
directions towards A and towards C, and always with 
forces eij^ual ti each other, that is, when B is drawn 
slightly towards A, which it is at the beginning of tho 
motion, it is also drawn slightly towards C, and when it 
is drawn forcibly towards A, as it is at tho end of tho 
motion of the spring, it is also drawn forcibly towards C- 
If tUo partition B, therefore, is moTOable, it wiU still 
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rcmaio fisod dariiig the oppoeitc c^ccuTBions of the spiral 
springs: nay, if wo remove tho partition, and hook tho 
end of one spiral spring to the end of the other, the nods 
or point of junction will remain stationary during the 
movements of the springs, because at every instant that 
point is drtuvn Ly equal and opposite forces. If three, 
four, or^^fe spiral springs are joined in a, sunilar manner, 
we may conceive them all vibrating between their nodos 
in the Game manner. 

Upon the very same principles we may conceive a long 
column uf air without partitions dividing itself into two, 
three, or four smaller columns, each of which will vibrate 
between its nodes in the same manner as the spiral spring. 
At tho middle point of each small vibrating column the 
air will be of its natural density like that of the atmo- 
sphere, while at the nodes B, iStc, it will bo in a state of 
condensation and rarefaction alternately. 

If, when the air is vibrating in one column in the pipe 
A B, aa in Fig. 41, Nob. 2, 3, we conceive a hole made in 
the middle, the atmospheric air will not rush ia to 
clistiirb tiio vibration, because the air within the pipe and 
without it has esactiy the same density. Nay, if, instead 
of a single hole, we wore to cut a ring out of tho pipe at 
the middle point, the column would vibrate as before. 
But if we bore a hole between the middle and one of the 
ends, where tho vibrating column must bo either in s 
stttto of condensation or rarefaction, tho air must either 
rash out or rush in, in order to establish tho oquilibrium. 
The air opposite tho holo will then be brought to the 
state of tho external air like that in the middle of tho 
pipe, it will become the middle of a vibrating column, 
and the whole column of air, instead of vibrating as one, 
will vibrate as two columnn, each column vibrating with 
twice tho velocity, and yielding harmonic sounds along 
with the fundamental sound of the whole columns, in thfl' 



MUSICAL eOU^^)a prom VIBEiTION OF SOLID DODIEa. 251 

same manner as wc have already esplaiiiod witli regard to 
vibrating BtringB. By opening other holes ivo may sub- 
divide a vibrating column into any number of smaller 
vibrating fnl iiinn w. The holes in flutes, clarionetB, &(!., 
arc made for this purpoee. When they are all dosed up 
tlio ail' vibrates in one column, and by opening and 
abutting the difl'orent holes in succosaion, the number of 
vibrating columns is increased or diminished at pleasure, 
and eonseijuently tho harmonic sounds will vary in a 
similac manner. 

Cnriout; as those phenomena are, they are still BOTpasacd 
by those which are exhibited during the vibration of solid 
bodies, A rod or bar of metal or glass may be made to 
vibi'ate either lougitudinally or laterally. 

An iron rod ivill vibrate longitudinally like a coimnn 
of air if wo strike it at one end in the direction of its 
lougth, or rub it in the same direction with a wetted 
fingei', and it will emit tho same fundamental note as a 
column of air ten or eleven times as long, because sound 
moves as much faster in iron than in air. Wheu the iron 
rod is thus vibmting along its length, the very samo 
chaiiges whiuh we have ehowu in Fig. 41, us produced in 
a spiral spring or in a column of air, take place in tho 
solid metal. All its particles move altercfltcly towards A 
and towards B, the metal being in tho one case condensed 
nt the end to which the particles move, and expanded at 
tlio end from which they move, and retaining its natural 
density in the middle of the rod. If wo now bold this 
rod in the middle, by the finger and thnmb lightly 
applied, and rub it ia the middle either of A B or B C 
with a pieeo of cloth sprinkled with powdered rosin, or 
with a well-rosined fiddle-bow drawn across the rod, it 
ivill divide itself into two vibrating portions A B, B C, 
each of which will vibrate, as shown in Fig. 42, like tho 
two adjacent columns of air, tho section of the rod, or tho 
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puliclce which compose that BectioD at B, Ixnng at perfect 
met. By holding tbe rod at any intermediate point he* 
tween A and B, go that the distance from A to the finger 
iind tlitunb ie one-third, one-fourth, one^fifth, icc^ of tbe 
whole length A C, and rabbing one of the divisions is 
the middle, the rod will divide itaelf into 3, i, 5, &c^ 
vibrating portions, and give out corresponding harmonic 
sounds. 

A rod of iron may be made to Tibrate laterally or 
truiBTersely by fixing one end of it firmly as in a tico, 
and leaving the other &ee, or by having both ends &ce or 
both fixed. When a rod, fixed at ono end and free at the 
other, is made to vibrato, its mode of vibrating may bo 
rendered evident to the eye; and for the purpose of doing 
this Mr. Wheatstonc has contrived a curious instrument 
culled tho Ealeidophone, which is shown in Fig. 43. It 





a circular base of wood A B, about nine inches 
in diameter and ono inch thicli, and having four brass 
soekcta firmty fixed into it at C, D, E, and F. Info those 
sockets are screwed four vertical stool rods, C, D, E, and 
F, nbont 13 or 14 inches long, one being a sijnarc rod, 
another a bent cylindricml one, nnd the other two cylin- 
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drical onea of different diumoters. On tho eztromitiea of 
these rods are fixed small qnicksilvered gloss beads, either 
singly or in groups, so that when the instrument is 
placed in the light of tho sun or in that of a lamp, bright 
images of tho sua or candle ore seen reflected on each 
bead. K any of those rods is set a-vibrating, these 
luminous images will form continuous and retm-ning 
cuFTo lines in a state of constant variation, each different 
rod giving curves of diifereat characters. 

The melodion, an instrument of great power, embracing 
five octaves, operates by means of tlio vibrations of 
metallio rods of imoq^ual lengths, fixed at one end and 
free at tho other.* A narrow and thin plate of copper ia 
screwed to the fcoe extremity of each rod, and at right 
anglea to its length ; and its surface is covered with a 
small piece of felt impregnated with rosin. This narrow 
band ia placed near the circumference of a revolving 
cylinder, and by touching the key it is made to descend 
till it touches tbe revolving cylinder, and givea out ita 
sound. The eweetneSB and power of this instrmnent are 
unrivalled, and snob is tho character of ita tones, that 
persons of a nervous temperament ere often entirely 
overpowered by its effects. 

The vibrations of plates of metal or glass of Tarions 
forms exhibit a series of the most extraordinary phenomena 
which are capable of being shown by very simple means. 
These phenomena are displayed in an infinite variety of 
regular figures assumed by sand, or fine lycopodium 
powder, strewed over the auifaco of the glass plate. lu 
order to produce these figures, we must pinch or damp 
the plate at one or moro places, and when tho sand is 
strewed upon its surface it ia thrown into vibrations by 
drawing a fiddle-bow over different parts of its circum- 

" See Edinburgh Enci/dopaidia, Ait, SciENOE, Oi'Kiosrnia in, 
vol. itU. p. SG3. 
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fereace. Tbe method of damping or pinching plates is 
shown in Fig. ii. In No. 1 a Bqtiate plate of glass A B, 
ground gmooth at its edges, is piothed by the finger and 
thnmb. In So, 2 a circular plate ia held hy the thnmb 
aguinst the top c of a perpendicular rod, and damped by 
the fingers at two different points of its circumference. 
In No. 3 it is damped at three points of its circumference, 
c and d, by the thumb and finger, and at e by pressing it 
ogaiuBt a fixed obstacle a b. By means of a clomp like 
that at No. i, it may be damped at a greater number of 
points. 




If we take a square plate of glass, such as that shown in 
Fig. 45, No, ] , and pinching it at its centre, draw the 
fiddle-bow near one of its angles, the sand will accumulate 
in the form of a cross, as shown in the fignre, being 
thrown off the parts of the plate that are in n state of 
Tibratiou, and settling in the nodes or parts which are at 
rest. If the bow is drawn acrosa the middle of one of the 
edges, the sand w-ill accumulate as in No, 2. If the plats 
is pinched at N, No. 3, and the bow applied at F, and 
' cular to A B^ the sand will nmrage itself in thi-ee 
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paralltil lines, perpendicular to a fourtli passing thTongU 
F Bud N. But if the point N, where it is pinclied, is a 
little farther from tho edge than in No. 3, the purftllel 
lines will chimge into aurvcs as in No. 4. 

If the plnte of glass is circular and pinched at its 
centre, and also at a point of its circumference, and if the 
buw is applied at a point 45° &om the last point, the 
figure of tho sand will he as in Fig. 46, No. 1. If with 




tho same plate, similarly pinched, the how is drawn over 
a part 30° from tho pinched point of the circumference, 
tho sand will form sis radii as in No. 2. When tho 
centre of the plate is left free, a different set of figares is 
produced, as shown in No, 3 and No. 4, "When the plato 
is pinched near its edge, and the how applied 45° from 
the point pinched, a circle of sand wilt pass through that 
point, and two diameters of sand at right angles to each 
other will be formed, as in No. 3. When a, point of the 
circumference is pressed against a fixed obstacle, and tho 
bow applied 30° from that point, the figure in No. 4 is 
produced. 
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I^ in place of a eolid plate, we etrcw the sand over a 
Btretcbed membrane, the sand will foim itself into figures, 
even when tbe Tibrations are communicated to the 
membrane through the air. In order to make these 
eiperimentg, we most Btretch a thin ehcet of wet paper, 
Buch as vegetable popor, over the month of a tnubler 
glass with a footstalk, and &x it to the edges with glno. 
When the paper is dry, a thin layer of dry sand ia strewed 
upon its surface. If we place this membrane upon a 
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table, and bold immediately above it, and parallel to the 
membrane, a plate of glass vibrotmg $o as to give any of 
the figures shown in Fig. 4(i, the sand upon the membrane 
will imitate exactly the figure upon the glass. If the 
glass plate, in place of vibrating horizontally, is made to 
vibrate in au inclined position, the figures on the mem- 
brane will change with the inclination, and the sand will 
assume the most curious airangemeiitB. The figures thus 
prodaoed vary with the size of the membrojie, with its 
material, its tension, and its shape. Wben the 
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figure occni'B severul times in euccession, a bioatli upon 
the paper will change its degree of tension and produce 
an entirely new figure, which, as the temporary moisture 
evaporates, will return to the original figure, throagh a 
number of intermediate ones. The pii^e of an organ at 
the distance of a few feet, or the notes of a Bate at the 
distance of half a foot, will orraogo tlio sand on the 
membrnne into figures which peri>etually change with the 
sound that is produced. 

The manner iu which fiat rulers and cylinders of glass 
perform their vihi'atioiis is very remarkable. If a gloss 
plate about twenty-seven inches long, sis-tentlis of an inch 
broad, and Bis-bundicdths of an inchthick, is held by the 
edges between the finger and thumb, and has its lower 
Gurface, near either end, rubbed with a piece of wet cloth, 
sand laid upon its upper surface will arrange itself in 
pai'ollel lines at right angles to the length of the plate. 
If the place of these lines is marked with a dot of ink, 
and the other side of the ghtsa luler is turned upwards, 
and the ruler made to vibrate as before, the sand will 
now accumulate in lines intermediate between the former 
lines, BO that the motions of one-half the thickness of the 
glass ruler are precisely the reverse of those of the cor- 
responding ports of the other half. 

As these singular phenomena have not yet been made 
available by the scientific conjurer, we must be satisfied 
with this brief notice of them ; but there is still one pro- 
perty of sound, which has its analogy also in light, too 
remarkable to be passed without notice. This property 
lias more of the marvellous iu it than any result within 
the wide rongo of the sciences. T^o load sounds may be 
made to produce nUence, and two »trong Uijhts may be made 
to prodaee darkness ! 

If two equal and similar strings, or the columns of air 
in two equal and similar pipes, perform exactly 100 
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TibratioDB In a second, thej will produce each equal 
wavoB of sonnd, and these waves will conspire in gene- 
ratbg an nnintemirted eound, double of either of the 
sounds heard separately. If the two strings or the two 
colnmns of air are not in unison, but nearly so, as in the 
cue where the one vibrates 100, and the other 101 times 
in a second, then at the first vibration the two sounds 
will form one of double the ntrength of either ; but the 
one will gradually gain upon the other, till at the fiftieth 
vibration it has gained half a vibration on the other. At 
ttis instant the two sounds will deslroi/ one another, and an 
interval of perfect silence will take place. The sound 
will instantly commence, and gradually increase till it 
becomes loudest at the hundredth vibration, where the 
two vibrations conspire in producing a sound double of 
either. An interval of silence will again occur at the 
150th, 250th, 350th vibration, or every second, while a 
sound of double the strength of either trill be heard at 
the 200dth, 300dtli, and 400dth vibration. When the 
unison is very defective, or when there is a great dif- 
ference between the number of vibrations which the tn-o 
strings or columns of air perform in a second, the suc- 
cessive sounds and intervals of silence resemble a rattle. 
With a powerful organ the effect of this experiment is very 
fine, the repetition of the sounds icoic— tmne — atiwc^ repre- 
senting the doubled sound and the interval the silence 
arising from the total extinction of the two separate sounds. 
The phenomena corresponding to this in the ease of 
light are perhaps still more surprising. If a beam of red 
light issues from, a luminous point, and falls npon the 
retina, we shall see distinctly the luminous object from 
which it proceeds ; but if another pencil of red light 
issues from another luminous point anyhow situated, 
provided the difierenoe between its distance and that of 
the other luminous point from the point of the retina, < 
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which tbe first beam fell, is the 258tli thDusaudtli part 
of ilh inch, of exactly twlee, Ihriee, four timee, &c., that 
distance ; and if this Becond beam falls upon the eame 
point of the retina, the one light will increase the inten- 
sity of the other, and the eye will Bee twice as much light 
68 when it received only one of the beams separately. 
All thin IB nothing more than what might ho expected 
from our ordinary eiperienee. But if tlie difFereniso in 
the distances of the two luminous points is only one-half 
of the 258th tliousaadth part of an inch, or IJ, 2^, 3^, 4^ 
times that distance, the one Ughl mil extinguish the other, 
and produce absolute darlcneas. If the two luminous points 
are so sitnated, that the difference of their distajices irom 
the point of the retina is intermediate hetween 1 and 1 J, 
or 2 and 2^, above the 258th thousandth part of an incli, 
the intensity of the effect which they produce will vary 
from absolute darkness to doable the intensity of either 
light. At \\, 2J, 3^ times, Ac, the 258th thousandth of 
an inch, the intensity of the two combined lights will be 
equal only to one of them acting singly. If the lights, 
in place of fulling upon the retina, fall upon a sheet of 
white paper, the very same effect will be produced; a 
black spot being produced in the one case, and a bright 
white one in the other, and intennediate degrees of bright- 
ness in intermediate eaaea. If the two lights are violet, 
the difference of distances at which the preceding phe- 
nomena will bo produced will bo the 167th tlioiisandth 
pnrt of an incli, and it will be intermediate between the 
258th and the 157th thousandth part of an inch, for the 
intermediate colours. This curious phenomenon may bo 
easily shoivn to tbe eye, by admitting the sun's light into 
a dark room through a small hole about the dOth or ,'JOth 
part of an inch in diameter, and receiving the light on a 
sheet of paper. If we hold a needle or piece of slender 
vire in this light, and examine its shadow, we Ghall fi.ad 
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that the ehadow coHBiBtB of bright and dark fitripos boo- 
ceeding CB<jh other nltomately, the stripe in the very 
middle or axis of tho shadow being a bright one. TIiq 
rnya of light which aro bent into the shadow, and wliicli 
meet ia the very middle of the shadow, have exactly the 
same length of path, so that they form a briglit fringe of 
double the intensity of either ; bat the rays which fall 
upon a point of the shadow at a certain distance from tlie 
middle have a difference in the length of thoir paths, 
corresponding to the difference at which the lights destroy 
each other, so that a hlaek stripe is produced ou each side 
of the middle bright one. At a greater distance from the 
middle, the differcnco becomes such as to produce a bright 
stripe, and so on, a bright and a dark stripe succeeding 
each other to the margin of the shadow. 

The explanation which philosophers have given of these 
strange phenomena ia very satisfactory, and may he easily 
understood. When a wave is made on the surface of a. 
still pool of water, by plmiging a stone into it, tho wave 
advances along the surface, while the water itself is never 
carried forwai'd, but merely rises into a height and falls 
into a hollow, each portion of the surface experiencing an 
elevation and a depression in its turn. If we suppoeo two 
waves equal and similar to be produced by two aepa^ 
rate stones, and if they reach the same spot at tho same 
time, that is, if tho two elevations should exactly coincide, 
they would unite their elfects and produce a wave twice 
the size of either ; but if tho one wave should be just so 
far before the other that the hollow of tho one coincided 
with tho elevation of tho other, and the elevation of the 
one with the hollow of tlie other, the two waves would 
obliterate or destroy one another, the elevation 
of the one filling up half the hollow of tho other, and the 
hollow of tho one taking away half the elevation 
other, so as to reduce the surface to a level. Theso 
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effects will bo Bctually exhibitod by throwing two equal 
Btonea into a pool of water, and it lyill be seen that there 
are certain lines of a hyperbolic form where the water is 
quite smooth, in coaseqcnce of tho equal waves obliterating 
one another, while in other adjacent parts the water is 
raised to a height cotrcsiioading to both the waves united. 

In the tides of the ocean, we have a fine esamplo of the 
same principle. Tho two immense wavoa arising from 
the action of the sun and moon upon the ocean produce 
our Bpring-tidea by their combination, or when the ele- 
vfttiona of each coincide, and onr neap-tides, when tho* 
elevation of the one wave coincides with the depression 
of the other. If the sun and moon had exerted exactly 
tho same force upon the ocean, or produced tide waves 
of the same size, then our neap-tides would have disap- 
peared altogether, and the spring-tide would have been 
a wave double of the wavo produced by tho sun and moon 
separately. An example of the effect of the equality 
of the two waves occurs in the port of Bataha, where the 
two waves arrive by chnnncls of different lengths, and 
actually obliterate each other. 

Now, as sound is produced by undulations or waves in 
tho air, and as light is supposed to bo produced by waves 
or undulations in an ethereal medium, filling all nature, 
and oceapying the pores of transparent bodies, tho sue- 
cesaive production of sound and silence, by two loud 
sounds, or of light and darkness by two bright lights, 
may bo explained in the very same manner as we have 
explained the increase and tho obliteration of waves 
fonncd on tho surface of water. If this theory of light 
lie correct, then the breadth of a wave of red light will 
bo the 258th thousandth part of an incli, the breadth of 
ft wavo of green light the 207th thousandth part of an 
inch, and the breadth of a wave of violet light the 157th 
thousandth part 'if an inch. 
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Among tiie wonden of modern skill, wc must cunmetote 
those lietintifnl aatomiita by nliich the motions and actions 
of uianund utheranimals have been socccssfoUjiiiiitatcd. I 
shall tberoforcdescribeiLtpreeeDtBOmeof the most remark- 
able aconstic aiitomatci, in which the prodoetion of ranBical 
and vocal sounds has been the principal object of the artist. 

Hsny very ingenious pieces of acoustic mechanii>ni 
havD heen from, time to time exhibited iu Enrope. The 
celebrated Swiss mechanist, M. le Droz, constmcted for 
the King of Spain the fignre ol a sheep, irhich imitated 
in the most perfect manner the bleating of that animsl, 
and likewise the fignre of a, dag n-atcbing a basket of fruit, 
uhich, when any of the fruit was taken away, never 
ceased barking till it was replaced. 

The singing-hird of M. Maillardet, which he exhibited 
in Edinbnrgfa many years ago, is still more wunderfnl.* 
An oval box, about three inches long, was set upon the 
table, and in an instant the lid flew up. and a bird of the 
size of the hununing-bird, and of the most beautiful 
pliunflge, started fi'om its nest. After fluttering its wings, 
it opened its bill and performed four dificront kinds of 
the most beautiful ivarbling. It then darted down intM 
its nest, and the lid closed upon it. The moving power 
in this piece of mechanism is said to have been springs 
wliich oontinned their action only four minates. As 
there was no room, within so small a figure, for accom- 
modating pipes to produce the great Tariety of notes which 
wero warbled, the artist used only one tube, and produced 
all the variety of sounds by shortening and lengthening 
it with a moveable piston. 

Ingenious as these pieces of mechanism arc, they ?ink 
into insignificance when compared with the machinery of 
M. Yaueanson, which had previously astonished all 

* A similar ^liecc of mcchnnigiii ijad beea previously inndc by 
II. Id Dioz. 
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Europe. Hi a two principnl automata were tlio fiate- 
player, and tlio pipo and tabor p]a.yor. Tho flate-player 
Vios completed in 1736, and wherever it was exLibited it 
produced the greatest Bcnsatioa. Wlicn it camo to Paris 
it woB received with great Buspicion. The French eavans 
rccolleeted the atory of M, Kaiain, the organist of Troyes, 
who exhibited an automaton player upon the harpsichord, 
which aatouished the French court by the variety of its 
powers. Tho curiosity of the King could not be rostrained, 
and in coneequonce of his insisting upon o^camining tho 
inochauism, there was fouud in the figure a pretty little 
musician five yeaiB of ago. It was uaturnl, therefore, 
that a siiuilar piece of mechaniam should bo received with 
Bome distrust ; but this feeling was soon removed by 
H. Yaucansou, who exhibited and csplnincd to a com- 
niittco of the Academy of Sciences the whole of the 
mechautsin. This learned body was nEtonisbed at the 
ingenuity which it displayed ; and they did not hesitate 
to state, thnt the maehiuory employed for producing the 
sounds of the flute performed iu the most exact manner 
the very operations of the most export flute-player, and 
that the artist had imitated the cfTects produced, and the 
ineana cicployod by nature, with an accuracy which had 
exceeded all expectation. In 1738, M. Vaucanson pub- 
lished a memoir, approved of by the Aeadeniy, in which 
ho gave a full description of the machinery employed, 
and of the principles of its construction. Following this 
memoir, I Eliall therefore attempt to give as popular a 
description of tho automaton as can bo done without 
lengthened details and numerous figures. 

Tho body of tho flute-player was about GJ feet high, and 
WTLB placed upon a piece of rock, surraunding a aqaaro 
pedestal ii feet high by three and a half wide. When 
tho panel which formed the front of tho pedestal was 
opened, thoro was seen on tho right a clock niovemout, 
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»hi<;li, by tho uiil uf GEivei-al wLecIe, gave a rotatoiy motion 
l\> A Bteol <u,iB about '2^ feet long, having cranks 
I'qiudistaub pointa of its length, but Ijiug in difieront 
liifotions. To each craak wae attached a cord, which 
iluawJUlloit ftud n-B8 fiied by itB other end to the upper 
bowd of K pair of bellows, 2^ feet long and six inches 
wide. Six puir of bellows arranged along the bottom of 
the pedeatnl woro then wrought, or made to blow in 
Hilcooeaion, by turning the steel axis. 

At the upper face of the pedestal, and upon eaoh pair of 
bellows, is a double pulley, one of whose rims is 3 inches 
in diameter, and the other Ij^. The cord which proceeds 
tioiu tho crank coils round the smallest of these pulleys, 
and that which is fixed to the upper board of the bellows 
goes round tho larger pulley. By this means the upper 
buai'd of tho bellows is made tti rise higher than if the 
uoi'dB went directly from them, to tho cranks. 

Bound tho larger rims of three of these pulleys, viz., 
thosu on the right hand, there are coiled three cords, 
which, by means of seTeral smaller pulleys, terminate in 
iho upper boards of other three pairs of bellows placed on 
(lie top of the box. 

The tension of each cord when it begins to itiisc tho 
board of the bellows to which it is attached, gives motion 
to a lever placed above it betn*een the axis and the double 
pullty in tho middle and lower region of the box. The 
other end of this lever keeps open the valve in the lower 
board of tho bellows, and allows the air to eater freely, 
whilo the upper board is rising to increase tho capacity of 
tho bellows. By this means thei-e is not only power 
gained, in so far as the air gains easier admission through 
tho valve, but tho fluttering noise produced by the action 
of the ivir npon tho valves is entirely avoided, ond the nine 
pair of bollowB arc wronglit with great case, and without 
Siny i.'or.cuBBi-'u "" noise. 
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These aiue bellows dischai'go tLeii' wind into throo 
(liffci'cnt and separate tuliuK. Each tube receives the wind 
of thiee bellows, the upper boards of one of the three pair 
being loaded with a weight of foiir pounds, tliose of the 
secojid three pair with a weight of two pounds, and thobu 
of the other three pair with no weight at all. These throe 
tubes ascended through the body of the figure, and teraii- 
imted in three small reservoirs placed in its trunk. These 
reservoirs were thus united into oue, which, OBCcudiug into 
tlio throat, formed by its enlargement the cavity of the 
month terminated by tivo sinall lips, which rested upon 
the hole of the flute. Theee lips had the power of 
opening more or loss, and by a particular mechanism they 
could advance or recede from the hole in the fluti'. 
Within the cavity of the mouth there is a small moveable 
tongue for opening and shutting the passage for the wind 
through the lips of the figure. 

The motions of the fingers, lips, and tongue, of the 
figure were produced by means of a revolving cylinder 
thirty inches long, and twenty-one in diameter. By 
means of pegs and brass staples fixed in fifteen different 
divisions in its circumference, fifteen difierent levers, 
similar to those in a barrel-organ, were raised and 
depressed. Seven of these regulated the motiouB of the 
seven fingers for stopping the holes of the flute, which 
they did by means of steel chains rising through the body 
and directed by pulleys to the shoulder, elbow, and fiugera. 
Other three of tho levers, communicating with the valves 
of the three reservoirs, reflated the ingress of tho air, mi 
as to produce a stronger or a weaker tone. Another lever 
opened the lips so as to give a free passage to the air, and 
another contracted them for the opposite purpose, A thii'd 
lover drew them backwards from the ori&ce of the flute, 
and a fuurth pushed them forward. Tho remaining lever 
enabled the tongue to stop up the orifice of the flute. 
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Sucli 18 a very brief viow of the gonoral mochnniBm by 
wLici tie requisite motions of the flute-player wero 
jiroducetl. The aire which it played were probably equal 
to those esceutcil by a Hying performer, und its coustruc- 
tion, OB ivell as its perf ormauces, contiaued for many years 
to delight and astonish tlie philoeophei's and musioiims of 
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Encouraged by the success of this laaehine M. Taucan- 
Boc exhibited la 1741 other automata, ivhi eh were equaliy, 
it not moic, admired. One of these was the automaton 
dnek, which performed all the motions of that animal, and 
not only ate its food, but digested it ; * and the other was 
his pipe and tabor-player, a piece of mechanism which re- 
quired all the resources of hie fertile genius. Having 
begun this machiuo before he was awaro of its peculiar 
difficulties, ho was often about to abandou it in dospaii', 
but his pationco and his iogennity combined enabled him 
not only to surmount every difiieulty, but to construct an 
automaton which performed complete airs, and gi'eatly ex- 
celled the most esteemed performers on the pipe and tabor. 

The figure stands on a pedestal, and is dressed like a 
dancing sliepherd. I£o holds in one hand a flageolet, ond 
in the other the stick with which he beats the tambourin 
as an nccompanimcnt to the aii's of the flageolet, abnnt 
twenty of which it is capable of performing. Tie 
flageolet has only three holes, and the Tariety of its tones 
depends principally on a proper variation of the force of 
the wind, and on the difierent degrees with which the 
orifices are covered. These vftriations in the force of the 
wind required to be given with a rapidity which the ear 
can Bcarcely follow, and the articulation of the tongue waa 
required for the quickest notes, otherwise the effect was 
for from agreeable. As the human tongue is not capable 
of giving the requisite articulations to a rapid aucdession 
• Sfc Letter 51. 
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of notes, and gfjuei'allv slurs over one-half of tBem, tlie 
aiitomatou was ihus able to excel the liest pcrformeTS, as 
it plajed complete aira with articulations of tlie tongus at 
i every uoto. 

In oonatructing this machine M. VaneanBon observed 
that tho flf^colet must bo a most fatiguing inEtmmont fur 
the human lungs, as the muscles of the chest most malic 
an effort equal to 56 pounds in order to produce tlio 
highest notes. A single ounce was Huf&cient for tho 
lowest notes, no that we may, from this eircumstouee, 
form an idea of the variety of intennediate effects required 
to 1>B proddoed. 

While M. Vaucanson was engaged in the construction 
of these wonderful machines, his mind was filled with the 
strange idea of coDBtructing an antomaton containing the 
whole mechnniam of the circulation of the blood. From 
some birds which he made ho was satisfied of its practica- 
bility ; but as tho whole vaseulor system required to be umdo 
of elastic gum or caoutchouc, it was supposed that it eoulil 
only bo csecutcd in the country where the caoutchoue-treo 
was indigenous. Louie XVI. took a deep interest in the 
execution of this machine. It was agreed that a skilful 
anatomist should proceed to Guiana to supcnutend tho 
construction of tho blood-Tessels, and the Kin g had net 
only approved of, but had given orders for, tho voyage. 
Difficulties, however, were thi-own in the way : Vaucanson 
became disgusted, and tho scheme was abandoned. 

The two automata whieh we have described were 
purchased by Professor Bayreues of Helmatadt; but wn 
have not been able to learn whether or net they still 

Towards the end of the nineteenth century a bold and 
almost successful attempt was made to construct a talking 
aulmaalon. In tho year 17T9, the Imperial Academy of 
Sciences at St. Peteraburgh proivosed ns the subject of one 
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of their annual prizes au inquiry into tie natare of the 
vowel sonnda A, E, I. and U, and the conatmction of 
an instrument for artificially imitating them. This prize 
waa gained bj M. Kratzenstein, who showed that all the 
Towela conld be distinctly pronounced by blowing through 
a reed into the lower ends of the pipes of the annesed 
figures, as sliown in. Fig. 47, where the corresponding 
vowoIk are marked on tlie different pipes. The vowel I is 

Fig. 47. 




pronounced by merely blowing into the pipe a b, of- 
pipe marked I, without the use of a roed. 

About the same time that Kiatzenstein was engi^ed in 
these researches, M. Kempelen of Vienna, a celebrated 
mechanician, was occupied with the same snbject. In his 
first attempt ho produeed the vowel sounds, by adapting a 
reed E, Fig. 48, to the bottom of a funnol-sbaped cavity 
A B, and placing his hand in various positions within tlio 
funnel. This contrivance, however, wiis not fitted for Lis 
purpose ; but after long study, and a diligont examination of 
theorgftnsof speech, he contrived a hollow oval box, divided 
into two portions atta bed by a h ng so as to resemble 
jana. This box rocciv I th s and wh ch issued from the 
tube connected with the 1 and by peuing and elosiiig 
the jaws bo produced th uni \ 0, O U, and an 
imperfect E, but do ind t s f a I After two year^ 
labour he Bu^ccedod in obtamm„ & m different jaws tha 
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Bonndg of tho consonauts F, M, L, aad by means of these 
vowels ftnd cousonants, he could compose syllablee and 
words, such as mama, pajta, aula, lama, mido. The soUBda 
tf two adjacent letters, however, run into each other, and 
!'.n aspiration followed some of the consonants, so that 
instead of pa^ the word sounded phaa-ph-a ; these diffi- 
culties he contrived with much labour to surmount, and ho 
fiiund it necessary to imitate the human organs of speech 
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by having only one month and ono glottis The mouth 
consisted of a funnel or bell-shaped piece of elastic gum, 
which approximated, by its physical properties, to tho 
Kfiftness and flesibility of the human organs.* To the 
mouth-pieco was added a nose made of two tin tubes, 
which communicated with tho mouth. When both these 
tnbea were open, and the moiith-pieeo closed, a perfect M 
was produced, and when one was closed and tho other 
open, an K was sounded. M. Eempelen could have 
succeeded in obtaining tho four letters D, G, K, T, but hy 
using a F instead of them, and modifying tho soand in n 
]inrticular manner, he contrived to deceive the ear by a 
tolerable resemblance of these letters. 

* Hnil i\. Kcmptleii known tbo mndi^rn Uiecavory of giving 
uioutcliouc any dL'grce of softness, by mixing it nitli molosaes 
Bugar, whiuh ia always absorbing moisture from tlio utmoapLi 
might have obtoiucd a still more perfect 
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There seems to be no doabt that he at liu^ nas olile to 
prodace entire words and sentences, soch as ajteru, 
aMronomg, CooBlaniltiopotig, txmt eta ntm ami. je coiu ainir. 
■le lout num cout, cenes atee mot a Pari*. LeoixMiit leeiiitduB, 
BrmtaiKvam tmperaior temper Autputug. Ac, but he never 
fitted tip a speaking fignre, and probably, from being 
disaatiefied with the general result of his labonrs, he 
exhibited only to his private friends the cf^ts of tlie 
apparatus, which was fitted up in the form of a box. 

This box was rectangular, and about three feet long, 
and was placed upon a table and covered with a cloth. 
When any particular word was mentioned by the com- 
pany, ST. Kempelen caused the machine to prononnce 
it, by introducing his luiuds beueath the cloth, and appa- 
rently giving motion to some pints of the apparatus, ^[r. 
Thomas Collinson, who had seen this machine in London, 
mentions in a letter to Dr. Hutton, that he afterwards saw 
it at M. Kempclcn's own house in Vienna, and that he 
then gave it the same word to be pronounced which he 
gave it ia London, viz., the word Ejj/loilalion, which, he 
assures us, it again distinctly pronounced with the French 
accent 

M. Eratzenstein seems to have been equally unsuccess- 
ful, for though he assured M. Do Lalande. when he saw 
him in Pdris in 1736, that he had made a machine which 
could speak pretty wcU, and though he showed him some 
of the apparatus by which it could sound the vowels, and 
even such syllables as papa and viama, yet there is no 
reason to believe that he had accomplished more than 
this. 

The UbouTS of Kratzensfeiu and Kempelen have been 
recently pursued with great success by our ingenioos 
countryman Mr. "Willis of Cambridge. In repeating 
Kempelen's experiment shown in Fig. 48, he used a 
shallower cavity, such as that in Fig. 49, and foimd that 



lie conld eutirely dispense witli the iutraduction of tho 
hand, and conlJ ottain the wliole series of vowels, by 
sliding Or flnt board C D over tlio inoath of tho cavity, 
Mr. Willis then conceiTcd the idea of adopting to the reed 
cylindrical tubes, whose length could be varied by sliding 
joints. When the tube was greatly less than tlio length 
of a stopped pipe in. unison with tho reed, it sounded I, 
and by inoieasing the length of the tube it gave E, A, 
and U in succession. Gut what was very unexpected. 



Fig 49 
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when the tube was sn nnich lengthened as to be 1-^ times 
the length of a stopped pipi- in unison witli the reed, the 
vowels began to he again sounded m an inverted order, 
viz., U, 0. A, E, and then agnin in a direct order, I, E, A, 
0, U, when the length of the tube was eijufti to twice that 
of a stopped pipe, in unison with tho i-oed. 

Some important diflcovoi-ies have been recently made by 
M. Savnrt respecting tho mechanism of the human voice,* 
mid wc have no doubt thnt, before another century is 
completed, a TaJkiag and a Singiaij machine will bo 
imiucsts of Science. 
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• See Kliiiliurijh 




LETTEES ON NATCItiL MAOIC. 



LETTER IX. 

Siiu/u^r e^edi ia nature depending on touad— Permanent diaraiiler 
o/'peech—InfiMnreo/greal detatioiu oa the diaracler eficmndt, 
ami on tlie pnaen of ipeeck—l'oaiet o/nnaid t'n tlimwing (bum 
huildinga — Dog kilted by tauad—Souiida grentli/ changrd under 
purtiatlar aircutiutanees — Great audibility of toundi during the 
tiiijIU explained — Souwle dxadened in media of AiSereiit deniUiet 
— niuilraled in Oir cnie of n glaa of dtaiapogne, and in that oj 
neic-fallenmow—Eematlcablt eehofi—ReveiiieriiHom ofUivader 
—Siiiterrni^faii noita—Hemark'iMe oiie at His Sul/alemi—Eeho 
at the Menai Suipeneieii Bridge — TempuTaT>j deaf KOtprmltiad in 
diviag-bdU — Inaud/bilily of jMirtieidnr untndH to particular ears 
— Vocal jioiceri ofllie lialae of Memnon — Soundt ingraailt rocft» 
—Xtuiail TTiouatain of M'S'akout. 



A.LTKOUGK among the plieaomoiiB. of the material world 
there is scarcely one which, when well considered, is not 
iLii object of wonder, yet those which we have been 
accustomed to witness from our infancy lofic all their 
interest from tho frequency of their occnrrenee, while to 
the natives of other conntriet; they arc uiicoasing objects of 
astonishment and delight. The inhabitant of a tropical 
climate is confounded at the sight of falling snow, and he 
ahnosts dificrodits tho evidence of his eenscs when he sees 
a frozen river carrying loaded waggons on its surface. 
The diffusion of knowledge by books, as well as by 
frcfj^uout eoiuniuuicntion between the natives of different 
i|uartera of the globe, have deprived this class of local 
v.'onders of their influence, and the lttdi:m and the 
Scandinavian cun visit eaclt otlicr's lands without any 
Tiolent excitement of surprise. Still, however, there ate 
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phenomena of i-aro occurrenoe, of which no deaei-iption am 
convey the idea, and which continue to be as deeply 
marked with the marvellous as if they had been previouely 
unknown. Among these we may rank the remarkable 
modifications which aound undergoes in particular situa- 
tions and under particiJar circumstanceii. 

In the ordinary intorcoui'se of life, we recognise indi- 
viduals as much by their voice oB by the features of their 
face and the form of their body. A friend who has been 
long absent will often stand before ub as a stranger, till 
his voice Buppliee us with the full power of recognition. 
The brand imprinted by time on his outer form may 
have efihced the youthful imago which the memory had 
cherished, but the original chai'acter of his voice and its 
yet remembered tones will remain unimpaired. 

An old friend with a new face is not more common in 
its moral than iu its physical acceptation, and though the 
sagacity of proverbial wisdom has not supplied us with the 
counterpart in relation to the human voice, yet the 
influence of its immutability over the mind has been 
recorded by the poet in some of his most powerful 
eonceptions. When Manfred was unable to recognise in 
the hectic phantom of Astarto the endeared lineaments of 
the being whom he loved, the mere utterance of his name 
recalled " the voice which was his music," and invested 
her with the desired reality : 

Bay on, say nn— 
I iivf but iii (hL> Suuiiil-it is lUy voice ! 

The permanence of character thus impressed upon 
speech exists only in those regions to whose atmosphere 
oui- vocal organs arc adapted. If either the speaker or the 
hearer is placed in air diflering greatly in density from 
that to which they are accustomed, tlie voice of the one 
will emit different sounds, or the same sounds will pro- 
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(liic<> a dittcrcut impreESion on tlie ear of the other, 
if buth parties are placed in tliis new atninepbcre, 
toues (if oominimication n-ill snfTer the most remarkable 
chtuigo. The tn-o extreme positions, where each effects 
becamo eafficiently strikiiig. are in the compressed air r^ 
the diring-iiell, when it ia immersed to a grc*t depth in 
the sea, ur in the rarefied atmosphere which prevails on 
the emnmit of the Himalaya or the Andes. 

In the region of common life, and even at the stillest 
honr of night, the ear seldom rests from its toils. When 
the Tcdce of man and the hnstle of his labours have ceased, 
the sounds of insect life are rodonblcd, the night breeze 
Awatcens among the rastling leaves, and the swell of the 
distant ocean, and the sounds of the falling cataract or of 
the mnrmoring brook, fill the air with their pure and 
sidemn mnsle. The snblimity of deep silence is not to 
be found even ia the steppes of the Volga, or in the 
forests of the Orinoco. It can be fi-tt only in thoee loft; 
regions 

TTbtm Ihu tupd of the Anilss 

Sliool soaringly forth. 
Ab the traveller rises above the limit of life and motion, 
and enters the region of habitual solitude, the death-like 
silence which prevails aroimd him is rendered still more 
i^triking bv the diminished density of the air which he 
breathes. The voice of his feUow-fraveller ceases to be 
beard even at n moderate distance, and sonnds which 
would stiiQ the ear at a lower level make but a feeble 
impreesion. The report of a pistol on the top of Mont 
Blanc is iio louder than that of an Indian cracker. Bnt 
while the thinness of the air thus snbdncs the londest 
sounds, the voice itself oudei^oes a singular change : the 
mnscnlar energy by which we speak esperienccs a great 
iliminntion, and our powers of utterance, as well as our 
power of hearing, are thus singiilarly modified. Were the 
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inngLcion, therefore, who ie doBii'oiis to impregs upou Inn 
victim or upon. Ilia pupil the coaviction of Lis eupematural 
power, to Cftrry him, under tilt; injunction of silence, 

^ ■ — to breatliu 

The difticult ail of tlie icod mnuatain's foji, 
'\VlierG tlie hirda ilore not bulkl, uoi iosect'a wing - 
Flit o'er the bciblcsa granite, 

ho would experience little difficulty in aBserting Lis power 
ever the elements, imd still Icbb in subsequently com- 
municating the same influence to his cnupaniou. 

But though the air at the tops of our highest momitaius 
is BCftTcoly capable of transmitting sounds of ordinaiy 
intensity, yet sounds of eitraordinary power force theii' 
way through its most attenuated strata. At elevations 
where tho air is three thouEcnd times more rare than that 
which wo breathe, the explosion of meteors is heard like 
the sound of cannon on the surface of the earth, and the 
whole air is often violently agitated by the sound. This 
fact alone nmy give us some idea of the tremendons nature 
of the forces which such explosions create, and it is 
furtimate for our species that they ai'e confined to the 
upper regions of the atmosphere. If the same explosions 
were to take place in the dense air which rests upon tho 
earth, our habitations and our lives would bo oxposod to 
the most imminent peril. 

Buildings have often been thrown down by violent 
concussions of tho air, occasioned either by the sound of 
gieat guns or by loud thunder, and the most sra'ious 
offccts upon human and nuimol life have been produced 
by the same cause. Most persons have experienced tho 
stunning pain produced in the oar when placed near a 
cannon that is disclini'gcd. Dcafnoss has frei^ucntly been 
the result of such sudden concussions, and if we may 
reason from analogy, death itself must often have been tho 
consequence. When peace was proclaimed in London in 
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1697, two troops of hoisc irerc disnurantod and drawn np 
in line in unler to fire their voUejs. Opposite the centre 
of the line was the door of a bnlcher'a ehop, wLcre there 
woe B lai^c mafitiff dog of great conragc. This dog was 
sleeping by the fire, bnt when the first ruUe; nas fired, it 
immediatelf started np, ran into another room, and hid 
itself under a bed. On the firing of the second vollcf, the 
dog rose, mn seTeral times about ihe room, trembling 
violently and apparently in great agony. When the third 
Tolley was fired, the dog ran about once or twice willi 
great Tiolence, and instantly fell down dead, throwing np 
blood from his mouth and nose. 

Bounds of knotm character and intensity are often 
xingnlarlychangedevenat the surface of the earth, accord- 
ing to the state of the groond and the conditions of the 
clouds. On the extended heath, where there are no solid 
objects capable of reflecting or modifying eonnd, the 
eporteman must frequently have noticed tho imaccountahle 
variety of sonnda which are produced by the report of 
his fowling-piece. Sometimes they are flat and prolonged, 
at other times short and sharp, and Eometimes the noise 
is so strange that it ib referred to some mistake in the 
loading of tho gnn. These variations, however, arise 
entirely from the state of the air, and from the nature and 
proximity of the superjacent clouds. In pui'e air of 
uniform density tho sound is shnrp and soon over, as the 
undulations of the air advance without any interrupting 
obstacles. In a foggy atmosphere, or where the vapours 
produced by heat arc socn dancing as it were in tlio air, 
tho sound is dull and prolonged ; and when these clonds 
are imm diately overhead, a succession of echoes from 
them produces a continued or a reverbeiating sound. 
When the French astronomers were determining tho 
velocity of sound by firing great gnus, they observed that 
the report was always single and sharp under a perfectly 
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dear sky, but indietinut, and attended bj a loag-coutinaed 
roll like thunder, when a cloud covered b, considerable 
port of the horizon. It is no doubt owing to the eamc 
cause, namely, the reflection from the clouds, that the 
thunder rolls through tho hoavene, as if it wore produced 

The great audibility of sounds during the night is a 
phoiiomenon of considerablo interest, and one which had 
bean observed even by the ancients. In crowded cities or 
in their vicinity, the effect was generally oficribed to the 
rest of animated beings, while in localities where such 
on Gsplanation was inapplicable, it was supposed to ariM) 
from a favourable direction of the prevailing wind. Baruu 
Humboldt was particularly struck with this phenomenon 
when he first heard tho rushing of the great cataracts of 
tho Orinoco in tho plain which surrounds the mission of 
the Apures. Theso sounds ho regarded as three times 
louder during the night than during the day. Some 
authors ascribed this fact to tho cessation of the humming 
of insects, tho singing of birds, and tho action of the 
wind on tho leaves of the trees, but M. Humboldt justly 
maintains that this cannot bo tho cause of it on tho 
Orinoco, whore tho buzz of insects is much louder in the 
night than in the doy, and \tiiero tho breeze never rises 
till after sunset. Hence lie was led to ascribe the pheno- 
menon to the perfect transparency and uniform density 
of the air, which can osist only at night after the heat of 
the ground has been uniformly diifuscd through the 
atmosphere. When the niya of the sun have been boating 
on the ground during the day, currents of hot air of 
different temperatures, and consequently of different 
densities, are constantly ascending from tiie ground and 
mising with tho cold air above. The air thus ceaaea to 
bo a liomogenoouB modinm, and every person must have 
obsor>-od the effects of it upon objects seen through it 
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which are very indistinctlj yisiblo, and hare a tremulonu 
motion, as if they were " dancing in the air." The very 
Bftiae effect is peroeivad nlien we look at olij'ects through 
BpiritB and water that are not perfectly mised, or when 
we view distunt ohjecta over a. red-hot poker o 
flnnic. 'In all these cnsea the light suffers refraction in 
passing iroia a medium of oiio density into a medium of 
a different density, and the rofrntted rnys are constantly 
changing their direction as tho different currents rise in 
nuccessiou. Annlngoua effects are produced when sonnd 
jjaasoB through a mixed medium, whether it consists of 
two different mediums, or of one medium where portions 
of it have different densities. As suund moves with 
iliflerent volocitics through media of diffiirent densities, 
the wave which produces the sound n-ill be partly reflected 
in passing from one medium to the other, and tho direc- 
tion of the transmitted wave changed ; and hcneo in 
passing through such media different portions of the wave 
tvUl reach the ear at different times, and thus dcstivy the 
sharpness and distinctness of the sound. This may be 
proved by many strikiBg facts. If we put a hell in a 
receiver contniuing a mixture of hydrogen gas and atmo- 
spheric air, the sound of the bell can scarcely be heard. 
During a shower of rain or of snow, noises iiro greatly 
dcodeccd, and when sound is transmitted along an iivn 
wire or an iron pipe of sufficient length, wo actually hear 
two sounds, one transmitted moro rapidly through the 
solid, and the other more slowly through the air. The 
same property is well illustrated by an elegant and easily, 
repeated eiperiment of Chladni's. When sparkling 
champagne ia poured into a tnll glass till it is half full, 
tho glass loses its power of ringing by a stroke upon its 
edgo, and cmite only a disagreeable and puffy sound. 
This effect will continue while the wine is filled with 
bubbles of air, or as long as the < i^'erresccncG lasts ; but 
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wtec tlie effeiTCBCenuo begins to Bubside, tlie Bound 
becomes clearer and cleorci', and tho glass rings as neuol 
when the air-bubblos have vanislied. If we reproduce 
tho effervescence by stirring the champagne with a 
piece of broad the glass will again cease to ring, Tho 
samo experiment will sueceed with other effervescing 

The difference in the audibility of sounds that pass 
over humogeneouB and over mixed modia is sometimes 
so remarkable as tci astonitib tboso who witDess it. The 
following iact is given on the evidence of an officer 
who observed it. When the British and the American 
forces were encamped on each side of a river, tho outposte 
were so near that the forme of individuals could be easily 
dietingnished. An American drummer niado his appear- 
ance and began to beat hia drum, but though the motion 
of his arms wns distinctly scon, not a single sound 
reached the ear of the observer, A coating of snow that 
had newly fallen upon the ground, lud the thickness of 
the atmosphere, had conspired t<j obstruct the sound. An 
effect tho very reverse of this is produced by a coating 
of glazed or hardened snow, or by an extended surface of 
ice or water, Licutenaut Foster was able to carry on a 
conversation with a sniior across Port Bowen harbour, a 
distance of no less than a mile and a quarter, nnd the 
sound of great guns Las been heard at distances varying 
from 120 to 200 miles. Over hard and dry ground of 
an uniform character, or where a thin soil I'csts upou a 
continuous stratum of rock, the sound is beard at a great 
distaneo, and hence it Is the practice among many eostero 
tribes to ascertain the approach of an enemy by applying 
the ear to the ground. 

Many remarkable phenomena in the natural world are 
produced by the reflection and concentration of sound. 
Every person is familiar with the ordinary Echo ^hicli 
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Hi'ieeB &om the leflGction of sound fmni nu oven snrfoce, 
audi fis the face of a wall, of a house, of a j'ock. of a hill, 
or of ft cloud. As sound moves at the rnto of 1090 feet 
in a Eecond, imd as the sound which retuiiia to the person 
who emits it has travelled over a space equal to twice hiK 
distanco from the reflecting BUrfiice, the distunce in feet 
of the hody ivhich oceasionfi the echo may ]je readily found 
hy nndtiplying 5i5 by the number of aeoonda which 
clapRQ between tho emission of the poimd and ita return 
in the form of an echo. This kind of echo, where the 
same person is the s^ieaker and the hearer, never takes 
place unless wlieu the obaerver ia imniodial«Iy in front of 
the reflecting surface, or when a line drawn from his 
luoutli to the flat surface is nearly perpondieulai" to it, 
hocaase in this case alone the wave of sound is reflected 
in the very same direction from the wall in which ^t 
reaches it. If the speaker places himself on one aide of 
this lino, then tlie echo will he heard most distinctly by 
another person as for on the other side of it, hecanso the 
waves of sound are reflected like light, so that the angle 
of incidence or the inclination at which tho souud falls 
upon the reflected sm-face is equal to the angle of reflec- 
tion, or the inclination at which the sound is returned 
from the wall. If two persons, therefore, are placed 
before the reflecting wall, the one will hear the echo of 
the sound emitted by tho other, and obstacles may inter- 
vene between these two persons so that neither of them 
hears the direct sound emitted by the other ; in the same 
manner aa tho same peraons Biniilaily placed before a 
looking-glass would see each other diKtinctly by rtflection, 
though objeclB might obstruct their direct view of each 

Hitherto we have supposed that thoro ia only one 
reflecting surfnco, in which case there will be only one 
echo ; but if there are several reflecting snrfaces, aa ia 
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the caso in an amphithontre of momitiung, or diuiiig a 
thiindeF-Btvi'tD, where tLcro uro several etrata or masBcs 
of clondfi ; or if tbere are two parallel or inclined surfaces 
between wliiuL the sound can lie repeatedly reflected, er 
if the surface is curred bo that the sound reflected from 
(ine part falls upon another part, lite the sides of u 
puljgon inscribed in u circle— in all these coses there 
will be nnmeronB echoes, which produce a very singular 
ofleet. Nothing can he more grand and suhlime than the 
primary and Eecoudary eehoeB of a piece of ordnanoo 
discharged iu nn anipliitLeatre of preoipitous mountains. 
The direct or primary echoes from each reflecting surface 
roach the car in snccesi^Ion, according to their difTcront 
distances, and these ore either blended with or succeeded 
hy the secondary echoes which terminate in a prolonged 
gmwl ending in u1?solute silence. Of the Kame chnracter 
are the reverberated claps of a thunder-holt reflected &om 
the surrounding clouds, and (lying away in the distance. 
The echo wliich is produced by pamllel walls is iincly 
illustrated at the marquiB of Simonctta's villa near Milan, 
which hoa been described by Addison and KcyBlerj nnd 
ivhich we believe is that described hy Mr. Southwell m 
tho rhiloHopbieol Transactions for 174fj. Perpendicular 
to the main body of this villa there extend two parallel 
wings about fifty-eight paces distant from each other, and 
tho Hnriftces of which are unbroken cither with doors or 
windows. The sound of tho human voice, or rather a 
word quicldy pronounced, is repeated ubuve forty times, 
and the report of a pistol from fifty-six to siity times. 
The repetitions, however, follow iu such rapid succession 
that it is difficult to reckon them, unless tarly in the 
morning before the equal temporoturo of tho atmosphere 
is disturbed, or in a cahn still evening, Tho echoes 
appear to be host heard ii'um a winiliiw in the main 
building between the two projecting walls, from which the 
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pistol also ia firetT. Dr. Plot mentions an echo iu Wjod- 
stock Park which repeats seventeen syllables by ilny 
and twenty by night. An echo on the north edde of 
Shipley ChureL in Suasei repeats twenty-one syllablia;. 
Sir John Uerechcl mentione an ecbo in tho llanfroni 
palace at Venice, where a person Bt-tnding in the centre 
of a square room about twenty-fivu feet high, witli ii 
Omcave roof, hcara the stamp of his foot repeated a great 
many times, but as his position dcTiatcs from tho centre, 
tho echoes become feebler, and at a short distance entirely 
ceaao. The Bamo phenomenon, he remarks, occurs in fJie 
large room of the libmry of tho museum at Naples. 
M, Gencfay has described as existing near Eouon a 
curious oblique echo which is not licard by the poiBon 
who emits the sound. A person who sings hoars only 
his own voice, while tliosa who listen hear only the echo, 
which somctiracs seems to approach, oud at other times 
to recede from the car ; one persun hears a single sound, 
another several sounds, and one hears it on tho right and 
another on the left, tho eftcct always changing as the 
hearer changes his position. Dr. Birch has desmbcd 
an exti'aordinar3' echo at Eoaeueath in Argyleshire, which 
certainly docs not now exist. When eight or ten notea 
were played npin a trumpet they were correctly repeated, 
but on a key a third lower. After a short pause another 
repetition of the notes was heard in a still lower tone, 
and after another short interval they were repeated in a 
still lower tono. 

In the same manner as light is always lost by reflection, 
BO the waves of sound are enfeebled by reflection froni 
ordinary surfaces, and tho echo is in such coses fainter 
than the original sound. If the reflecting surface, how- 
ever, is circular, B{)und may bo condensed and rendered 
etrongcr in the same manner as light. I have seen a fine 
osamplo of this in the circular torn of a garden wall 
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nearly n mile distiuit from a weir across a river. 'Wlion 
the sir is pare and liouiogeneouB, tbo ruehiiig eciiiiiil 
of thti water ie reflected from tho hollow Burfaco 
of the wall, and concentrated in a focuB, tho place of 
which tho ear cnn easily discover from tho intensity of 
tho sound being there a maximum. A person not ae- 
ijuainted with the locality eoncoives that the nishing 
noise is on the other side of tho wall. 

In Whispering Galleries, or places where tho lowest 
whiapora ore ean'iod to (Ustanoes at which the direct 
somid is inaudible, the soimd may be conveyed ia two 
ways, either by repeated refioctions from a curved sm-foco 
in tho direction of the sides of a polygon inscribed in a 
circle, or where the whisperer is in the focus of one 
reflecting surface, and tho hearer in tho focus of nnolhor 
Inflecting surface, which is placod so as to receive the 
rofleoted sounds. The first of these ways is exemplified in 
tho wLispering gallery of St. Paul's, and in the octagDnnl 
gallery of Gloucester Catbcdml, which conveys a whisper 
Boventy-fivc feet across the nave, and tlio secouJ in tho 
baptistery of a church in Pisn, where the Bi'cUitoct Giovanni 
Pisono is said to hirve constructed tho cupola on purpose. 
The ciipola lias an elliptical form, and when ono person 
whispers in one focus, it is distinctly beard by tho porsou 
placed in tho other focus, but not by those who aie placed 
between tliem. Tho sound first reflected passCB across tho 
cupola, and enters the ears of tho intermediate persons, hut 
it is too feoble to bo hoard till it has been condensed by a 
second reflection to tho other focus of ellipse. A naval 
officer, who travoUod throngh Sicily iu the year 1821, 
gives an account of a jtowerful whispering place in tho 
eathcdi-al of Girgenti, ivhore the slightest whispci' is 
carried with perfect distinetnoss through a distance 
250 fcot, from tho great woatei'n door to tho comico 
behind the hi^ altar. By an tmfortunatc coincidence 
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the focus of ono of the reflecting aurfaccs was choson for 
the placo of Hic cuofessional, and whon thiij ivat) acci- 
dentallj discoTcred, the lovers of Bocrets resorted to tho 
other focos, and thus became Bcq^uaiutcd tvitli confessions 
of the gravest import. This divulgenco of suondal cou- 
tinued for a considorablu time, till the enger curiosity of 
oao of the dilettanti was puuisliod, by hcm'ing his wife's 
livon'al of her owu infidelity. This circuiustance gnve 
publicity to the ivhiapering peculiarity of the cathedral, 
aud the coufessional was removod to u ^ilaco of greater 
seerecy. 

All echo of !i very ])eeuliui' ehai'acter has been described 
Ijy Sir John Hereehel in his Treotiso on Sound, as pro- 
duced by the suspension bridge bctosh the Mcnai Strait in 
Wales. " Tiie sound of a blow with a hammer," says he, 
'- on one of the main piers is returned in succession itom 
each of tho cross beams which support the road-way, and 
from the opposite pier at a, distance of &7G foot; and in 
addition to this, the sound is many times repeated between 
the water and the road-way. Tho effect is a eerics of 
tjouuds which uiay be thus ^vritteu : the first return is 
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Kharj) and strong from the road-way overhead ; the rattling 
which BUeoocds dies away rapidly, bit the singlo ropor- 
tussion from the opposite pier is very strong, aud is suc- 
ceeded by 11 fuint palpitation repeating tho sound at the 
mte of tiventy-cight times iu Jive seconds, aud whidi, 
therefore, corresponds to a distance of 181 feet, or very 
noarly the double interval from the road-n'ay to tho 
water. Thus it appears that iu the repercassion between 
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the water and loaA-vaj, tbrtt ft'om the latter only afTects 
the ear, the line drawn &om the auditor to the water 
being too obliqne for the Boni^d to diTergo sufficiently in 
that direction. Another peculiarity deserves especial 
notice, namely, that the echo from the opposite pier is 
best heard when, the auditor etands precisely opposite to 
the middle of the bretidth of the pier, and strikes just on 
that point. As it deviates to one or the other side, the 
return is proportionally fainter, and is scarcely heard hy 
Lira when his station is a little beyond the extreme edge 
of the pier, though another person, stationed (oa the 
Bome Bide of the water) at on equal distance from the 
central point, so as to have the pier bettveen them, hears 

A remarkable subterranean echo is often heard when 
the hoofs of a Itoise or the wheels of a carriage pass over 
particuhir ejiots of ground. This sound is frequently 
Tery similar to that which is produced ia passing over an 
areh or vault, and is commonly attributed to the existence 
of natural or artificial caves beneath. As such caves have 
often been constructed in times of war as places of secu- 
rity for persons and projMjrty, many unavailing attempts 
have been made to discover hidden treasures where thoir 
locality scoincd to be indicated by subterraneous sounds. 
But though those sounds are sometimes produced by ex- 
cavations in the ground, yet they generally arise from the 
nature of the materials of which the ground is composed, 
and from their manner of combination. If the hollow of 
^^^_ a road has been filled up with broken rock, or with largo 
^^^K water-worn stones, having hollows either loft entirely 
^^^H empty, or filled up with materials of different density, 
^^^H then the sound will be reflected in passing from the looso 
^^^B to the dense materials, and there will arise a great number 
^^^K of echoes reaching the ear in rapid succession, and forming 
^^^^B by their union a hollow rumbling sound. T]i!s principle 
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bu beat Tei; sncoeMfnllj ajiplicd 1^ Sir Jolm Hcn^xJ I 
to csj^Bm the BnbtemncaB Bonnda with which ercry 
tnFeller is fkmiliv who has vigited the Sol&tom near 
Naples. When the gnmnd «t & pwticalar place is struck 
violently bj throniog « large Btone against it, a pectdior 
hollow Bonad is distlnctlj' Iieaid. This Bonnd has ituvn. 
ascribed bj eorae geulogi&te to the exititeiice of a great 
vault conuontiicatiiig with the ancient seat of the Tolcano, 
' b; ether writers to a reverberation front the snrroandicg 
hills with which it ie nearly concentric, and b; others to 
the porositj of tiie groocd. Dr. Danbeny, who sajs that 
the hoUuvr sound is heard when any part of the Solfatemi 

■ in etrnck, accounts for it by sapposing that the hill is not I 
iiuulc np of one entire rocjc, bnt of a nnmber of detadted 
hlccks, which, hanging as it were by each other, form a 
Bort of vault over tbo abyES within which the Tolcanic 
operations are going on.* Mr. Forbes, who has given 
the latest anil most interesting description of this singular 
volcana.f agrees in opinion with Dr. Canbeny, while < 
Mr. Bcrope { and Sir John Herscbel concur in opinion 
that no Bucb cavities exist. '' It seems most probable," 
says the latter, " that the hollow reverberation is nothing 
moro than on assemblage of partial echoes arising from 
the reflection of succeSHivc portions of the original soond 
in its progress through the soil at the imnmnerable balf- 
coheront surfaces composing it : were the whole soil a 
mass of sand, these reflections would he so strong and 
frequent as to destroy the whole impnlEe, in too short an 
interval to allow of ji distinguishable after-soiind. It is a 
ease analogooa to that of a strong light, throvni into a 
milky medium or smoky atmosphere ; the whole medium 

• Diarriplioji of Yoleanoei, p. 170. I 

•t iltjihurgl Joamal of St-icart, N. Strics. Xo. i. p. 121. ' 

; CoiinderittloBt oti Volcaiioa, and EdiiihaTgh Journal o/ Siimict 
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) to ebmo nitli a nebiilciiis undefined light. Tliis 
I Sb to tho oye what such a lioUuw sound ia to the cm'.'"* 

It Las been recently shown by M. Bavart, that tho' 
I liumau cftr is so extremely ecneiblo aa to be capable of 
L appreciating Bounds which arieo irum abant twentif-foar 
I thousand vibrations in a second, and coneec[uently, that it 
J 'mil hear a sound ivliich lasts only the twonty-foar thou- 
■ "Bondth part of n second. Vibrations of such frequency 
1 afford only a ebrill squenk or chirp ; and Dr. WolloBtoii 
f'&as sho\vu that thero are many individuals with thoir 
[ aeutio of hearing entire, who are ultogctbcr insensible to 
reach acute sounds, though others nre painiullj affected by 
Nothing, as Sir John Herschcl remarks, can bo 
nuoro snrprisiug than to see two persons, neither of thcui 
af, tho one complaining of tho penetrating shrilhieBa of 
lound. ithile the other maintains there ia no sonnd at 
. Dr. Wollaston has ftlso shown that this is true also 
[ (rfvery gi'ave sotinda, so that the hearing or not hearing 
of musical notes at both extremities of the scale seems to 
depend wholly on the pitch or frequency of vibration con- 
stituting, the note, and not upon the intensity or loudness 
of the noise. This affection of the etu' soinetimes appears 
of common deafness, where n shrill tone of voice, 
!■ such as that of women and children, is often better heard 
I than tho loud ond deeper tone of men, 

Di: Wollaaton remarked, that when the mouth and 
joso Bre abut, tho tympanum or drum of tho car may be 
Ibo exhansled by a forcible attempt to take breath by the 
expansion of the chest, tho pleasure of tho extemid air 
upon the membrane gives it such a tension, that the car 
becomes insensible to grave tones, without losing in any 
degree the perceptioii of sharper sonnds. Dr. Wollaston 
found, that after he hod got into the habit of making tho 
•ixperiuient, so ns to bo ablo to produce a gtctt degree uf 
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•"ijyi^'iifffli hin fMS* were iaseneible to all sounds below 
t\ lutkt^Ai trjt t^ ba£« clef. "K I gtrike the table before 
U)if," 6^^ )>>h ^'oilb the end of my finger, the whole 
li^iU'^ »u>uu<M vtth a deep dull note. If I strike it witli 
u^ uuli, dlotv w also at the eame time a eharp eoimd jmi' 
UiKiiJ Ity i^utckor Tibiations uf parte aromid the point of 
Cv^tttct. Whjeii the (iar is C£han£t«d tt hears only the 
iMlkl' Huuudi, without pcrceiTiag in anj dc-gri^ the dcepc)- 
WAv oi the nhole table. In the same masncr, in listening 
W ihu a>ttiHl of a carriage, the deeper mmbliug noise of 
thv lKKl<r is no longer heard by an tihansted t»r; bat tlie 
I'MUd of a chain or I0060 screw remains at least as andibln 
a» iKfore exhaOEtion." Dr. Wollaston supposes thnt this 
uuxfisive tension of the dmm of the ear, when produced 
b|y tho comprcEsed air in the diving-bell, will alga prodocc 
tt CK:n:iMj)onding dfajnesg lo low tone*. This canons experi- 
metit has been since uaile by Dr. Colladon, when descend' 
iuiE ia the diving-bell at Honth in 1820. "We de- 
^CCiIkIixI," says he, '' so slowly that wc did not notice the 
motion of the bell ; bat as soon as the bell was immersed 
iu water, we felt about the cars and the forehead a sense 
i>£ pressure, which continued inereasing daring some 
toinutea, I did not, however, experience any piuu in the 
oaia; bnt my companion snffured so much that we were 
obliged to stop our descent for a short time. To remedy 
that inconvenience, the worhmen instructed ns, aftei' 
bttvuig closed our nostrils and month, to endeavour to 
swaltow, and to restrain oar re^iration for some momente, 
iu i>rdcr that, by this exertion, the internal air might act 
on the Eostaehian tube. My companion, however, having 
ti'ied it, found himself very little relieved by this remedy. 
After some minatcs. we I'esumed our descent. My friend 
suffered considerably ; he wns pale ; bis lips were totally 
disixdouied ; liis appearance was that of a man on the 
Mint of fiiinting ; be was iu involnntary lort spirits. 
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owing, perliapB, to tlie Tiolence of the pain, oddcil to that 
kind of apprehension which onr situation unavoidably 
inspired. This appeal^ to mo the more remarkablo, as 
my case waa totally the reverse. I was in a state of ex- 
citcmont rcsomblisg the efiect of some spirituons liquor, 
J suffered no pain ; 1 eiperioncod only a strong pressui'o 
round my head, as if an iron circlo hsd been bound aboat 
it. I spoho with the workmen and had somo difficulty in 
hearing them. This difficulty of hearing rose to aneh a 
height, that during three or four minutes I could not hear 
them speak. I could not, indeed, hear myself speak, 
thongh I sjioko as loudly oa possible ; nor did even the 
great noise caused by the violence of the current against 
the sidea of the bcU reach my ears." 

The effect thus described by Dr. Colladon is different 
from that anticipated by Dr. Wollaston. He was not 
merely deaf to low tones but to all sounds whatever ; and 
I have fonnd by repeated experiment, that my own oar.^ 
become pci-fcctly insonsible even to the shrill tones of the 
female voice, and of the voice of a child, when the dmra 
of the ear is llu'own into a state of tension by yawning. 

With regard to sounds of high pitch at the other 
extremity of tho scale. Dr. Wollaston has met with 
persons, ivhoso hearing was in other respects perfect, who 
never heard the chirping of the Gryllus cav<j>esti'is, which 
commonly occurs in hedges during a siunmer'a evening, 
or that of the house-cricket, or the squeak of the hat, or 
the chirping of the common house-sparrow. The note of 
the bat is a fuU octave higher than that of tho sparrow ; 
and Dr. Wollaston believes that the note of somo insects 
may reach ono octavo more, as there are sounds decidedly 
liigher than that of a small pipe, one-fourth of an inch in 
length, which he conceives cannot be far from sis octaves 
above the middle E of the pianoforte. " The saddenness 
of the transition," says Ur. Wollaston, "from perfect 
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hearing to total mmt of pereeptian oecaaions a degree of 
surprise, wkich lenderB an experiment on this sabject with 
a series of sniall pipes among sereral persons rather 
amusing. It is caiions to obserrc the change of feeling 
mnniffatd^ hj Yarioos indiridnals of the partr, in snooes- 
sion, as the sounds approach and pass the limits of their 
hearing. Those who enjoj a temporary triumph aie oficn 
compelled in their turn to acknowledge to how short a 
distance their little superiority extends." In concluding 
his interesting paper on this subject. Dr. Wollaston con* 
jeetures that animals, like the grylli (whose powers of 
hearing appear to commence nearly where ours terminate), 
maj have the power of hearing still sharper sounds which 
at present we do not know to exist, and that there maj be 
other insects having nothing in common with us, but who 
are endowed with a power of exciting, and a sense of per- 
ceiving vibrations which make no impression upon our 
organs, while their organs arc equally insensible to the 
slower vibrations to which we are accustomed. 

With the view of studying the class of sounds inaudible 
to certain ears, we would recommend to the young 
naturalist to examine the sounds emitted by the insect 
tribe, both in relation to their e£fect upon the human cor, 
and to the mechanism by which they are produced. The 
Cicadas or locusts in North America appear, from the 
observations of Dr. Hildreth,* to be furnished with a 
bagpipe on which they play a variety of notes. " When 
any one passes," says he, " they make a great noise and 
screaming with their air-bladder or bagpipes. These bags 
are placed under, and rather behind, the wings in the 
axilla, something in the manner of using the bagpipes 
with the bags under the arms, — I could compare them to 
nothing else ; and, indeed, I suspect the first inventor of 
the instrument borrowed his ideas from some insect of 

* Edinburrpi Journal 0/ Science, Xo. xvii. p. 158, 
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t\i'.s hjnil. Tliej play a variety of aoteB and itairndG, uue 
1 f whicli nearly imitatea tlie Eui-eom of the trcc-toad." 

Among tlic aconstio wonders of tlio natnral world 
may be nLnkod tho vocal powers of tiie statue of Memnon, 
the Boa of Aiii'oi'a, which modem diEcoveriea have with- 
drawn from among the fables of ancient E^pt The 
history of tUia remarkable statue is involved in much 
obscority. Although Strabo afSrma that it was ovci-- 
iumed by aa carthrniakc, yet as Egypt exhibits no traces 
of such a convulsion, it has been generally believed that 
Ihe statue was mutilated by Cambyses. Pb. Cassulina, 
in his dissertation on vocal or speaking stones, quotes 
tho remark of the scholiast in Juvenal, " that, when 
mutilated by Carabysos, the statne which sainted both tho 
siiu and the king, afterwards saluted only the sun." 
Philostratns, in his life of Apollo, informs na, that tho 
status looked to the cost, and that it spoke as soon as tho 
i-ayg of tho rising sun fell upon its mouth. PauEanins, 
who aaw the statue in its diamantleil state, sajs that it is 
a statue of the sun, that the Egyptians call it Phamouophis, 
and not Memnon, and Ihat il emits scunds ererij morning ai 
sunrise, mhich can be compared only lo that of the hreaMag of 
Ihe tiring of a tyre. Strabo speaks only of a single sound 
which Lb heard ; but Juvenal, who had probably hoard it 
often during his stay in Egypt, desmbes it os if it 
emitted several sounds : 

DlmiJia mKgicRi rcsouaat ulii KenmQiie cliordiE. 
Where brokpu Mfmnon sounds Lis mngic strings. 

Tho simple sounds which issued from tho stotuo were in 
the progesB of time magnified into intelligible words, and 
even into an oracle of seven versos, and this prodigy has 
been rocjrdod in a Greek inscription on Ihe left leg of 
the statue. But though this new fnculty of the colossus 
was Evidently the ccntrivance of tho Egyptian priests, yet 
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wB aro not entitled from this to coll in quefition tbo 
simple tmd perfectly credible fact that it emitted sounds. 
Thifl property, indeed, it seems to pOBScBs at the present 
day ; "for we learn," that an English tniTcllcr, Sir A. 
Smith, accompanied with a numeiuns escort, exunined 
the statue, and tliat at eis o'clock in the morning ha 
heard very diatuictly the soTiuds which had hcen so cele- 
brated in antiquity. He asserts that this sound does not 
proceed from the stataa but from the pedestal ; and he 
exproBses his belief tliat it arises from the impulse of the 
air upon the stones of the pedestal, ivhich are arranged bo 
as to produce this surprising ofiect. This singular 
description is to a certain extent confirmed by the descrip- 
tion of Straho, wiio says that he ivaa quite certain that he 
htard a sound which, proceeded eitlier from the base, or 
from the colossus, or from some one of the assistants. 
As there wore no Egyptian priests in the escort of Sir 
A. Smitli, ive may noiv softly reject this last, and, for 
many centuries, the most probable liyiinthesis. 

Tlie explanation suggested by Sir A, Smith, had been 
previously given in a more specific form by M. Dussanlx, 
the translator of Jnvcnal. " The statue," says he, " being 
hollow, the heat of tha sun heated the air which it con- 
tained, and this air, issuing at some crevice, produced the 
sounds of which the priests gave their own interpretation." 

Eejoctiug this explanation, M, Langles, in his dis- 
sertation on the vocal statne of Memnon, and M. Salverte, 
in his work on the occult sciences, have ascribed the 
sounds entirely to Egyptian priestcraft, and have even 
gone so far as to describe the mechanism by which tho 
statue not only emitted sounds, bnt articulated distinctly 
the intonations appropriate to tho seven Egyptian vowels, 
and oonaecrated to the seven planets. M. Langles con- 
coivcn that the sounds may be produced by a series of 
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hammeiB, which sti'ike either tho granite itself, u 
Etones liko thoEo which havo been loag used iu. China 
for mnBicjil iustruments. M. Salvoita improvQS this imper- 
fect apparntus, by supposing that there might be adapted 
to theso hammers a clepsydni nv water-clouk, or any 
(ither iustrunient fitted to meaauro time, and so eonstracted 
im to put the hammers in motion at snnritie. Not satii^fied 
iiitli thin supposition, he conjectures that tlie spring of 
all this mechanism was to bo found ui the art of con- 
ucutrating the rays of the sun, which was well known to 
the tmciouts. Between the lips of the statue, or in some 
luss rcniarkablo pai't of it concealed from Tiew by its 
height, ho conceiTea an aportnre to bo perforated, con- 
taining a Ions or a mirror capable of condensing the 
rays of tho rising sun upon one or more metallic lovers 
which by thoir oipansion put iu motion the Bcvon 
liammera in, sueceBsion. Hence ho explains why tho 
Bounds were omitted only ut snuriBo, and when tho Bolar 
rays fell upon tlio moutii o£ tho statue, and why they 
were neycr again heard till the sun rcturaed to the eastern 
horizon. As a piece of mechanism, this contrivance is 
defective in not providing for tho chango in the sun's 
amplitude, which is very consiJoroblo oven ia Egypt, fur 
OS the statue and the lens oro both fixed, and ns tho 
Bounds were heard at all seasons of tho year, tho same 
lens which threw tho midsummer rays of the sun upon 
tho hammers could nut possibly throw upon them 
his rays ia winter liut even if tlio machinery were 
perfect, it is obvious that it could not have survived 
the nmtilation of the statue, and ceuld not, short of a 
miracle, havo pertormed its part in the time of Sir A. 
Smith. 

If wo abandon tho idea of the whole being a trick of the 
priesthood, which has boon generally done, and which the 
recent obBcrvations of Sir A. Smith authorizes ns to do> 
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WO must seak Borao natural cauao for the jihenomoDa 
similar to tiiat suggested by Du8KauL\. It is turiona to 
observe how tlie Btudy of natui'o gradually dispula tlio 
cotiBecrated delusions of agea, ami reduces to tbe level of 
ordinary facts ■what time Lad invested with all tho 
characters of the HUpcrnatnral. And in tlio present coEti 
it is no lesB remnrbable that the prohlom of tlio stattio of 
Memnon should have been lii-st eolved by means of on 
bhsorvation madb by a solitary ti'aveller wandering on the 
baiiltB cf tho Orinoco, " Tho granitic I'ock," says Baron 
Hnmholdt, " on which ive lay is one of those wliero 
travellcrB on the Orinoco havo licard from time to timp, 
towards sunrise, subterranooua sounds resembling thoeo 
of the organ, Tho missionaries call these stones loxas de 
masica. ' It is witchcraft,' said our young Indian pilot. 
Wo ncTor ourselves heard these mysterious sounds either 
at CaricQuna Vieja or in the upper Orinoco ; but from 
information given us by witnesses worthy of belief, the 
existence of a phenomenon that seems to depend on a 
certain state of the atii:osphero cannot be denied. Tbe 
Hhelves of I'ock aro full of very naiTow and deep crevices, 
They oro heated during tho day to about G0°. I often 
found their tcmporaturo at tho surface during tho night 
at 33'', the surrounding atniospbcro being at 28°, It 
may easily be coneeivcd that the difference of feraperatnro 
between the subterraneous and the external air attains 
its maxireum about suni-isc, or at that moment which is at 
the same time farther from the period of tho maximum 
of the boat of tbe preceding doy. May not thcso sonnds 
of an orgau, then, which arc beard when n person sleeps 
upoa the I'oek, bia ear in contact with tho stone, be tbe 
elloct of a curi'ent of air that issues out through tho 
crevices ? Doca nut the impulse of the air against the 
olastio spangles of mica that intci'cent the crevices con- 
tribute to modify tho eonni^ 'f May wo not admit that 
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the ancient iuhabitante of Egypt, in ^mssing incessaiitly 
id down tho Nile, had made the sanie obscryatiou 
me rock of tho Thebaid, and that the muBic of the 
rocka there led to the jugglery of the prieste in the statue 
of Momnon?" 

This curious cnso of tho production of sounds in granite 
rocks (it siiniisG might have been regarded as a trnns- 
ntliintic ivoader which was not applicable to Egyjit ; but 
by a eingular coincidence of observation, MM. Joinard, 
JoUois, ftnd DoviUiers, ivho were travelling in Egypt 
nearly about tho Knmo time that M. Humboldt was 
traTersiag tho wilda of South America, beard, at Ktiiirhe, 
in a monumenl of granite, situntcil near the centre of tho 
spot on which the palace of Carnac stands, a noise resem- 
Hing that of a hreaktng Ktrinij, the very expression by 
which Fansaniaa characterizes tho sound in the Mem- 
uonian griuutc. The travellers regarded these sounds as 
arising from the transmission of rarefied air through the 
CFOTiccs of a sonorous stone, and they were of tho same 
opinion with Hiunboldt, that these sounds might Iirtq 
miggegted to tho Egyptian priests llie juggleries of the Mem~ 
Wmium. Is it not strange that tho rmssian and tlie French 
travoUors should not have gone a step farther, and solved 
the problem of two thousand years, by maintaining ihat 
the sound of tho statne of Memnon was itself a natural 
phenomenon, or a granite sound elicited at siinriso by the 
very some causes which operated on the Orinoco and in 
the Tcmplo of Cnmae, in place of regarding it as a trick 
in imitation of natural sounds ? If, as Ilumboldt sup- 
poGcs, the ancient inhabitants of Egypt bod, in passing 
incessantly up and down tho Nile, become familiar mth 
the music of the granite rocks of the Thcbaid, bow could 
the imitation of such natiu^l and familiar sounds he 
regarded by tho priests as a means of deceiving the 
iple ? There could be nothing marvollouB in a colossal 



^ 



2,)G UOTRRS n.S KATUlUL MAGIC, 

ntotiu! of graniU; g'^'ng out the Tcrv game 8oaiiiU thai 
ftuco giveii wn' *' ^'^ some time of the day by a giiuiitu 
I'rtck ' Mid in phu% of reckoning it a snpcnialanU. fiict, 
Owy coold regard it in no other light than as the dnpli- 
uate of a well-knomi Dutnral phenonienou. It is a mcru 
coineotnre, however, that snch sonnds were common in the 
Thebaid, wid it is therefore probable that a granite rock, 
possessing the properly of emitting sonnde at sunrise, had 
been discoTered by tho priests, n-ho were at the same tinio 
the philosophers of Egypt, and that the block had beuu 
employed in tho formation of the llenuioninn statue forthe 
pnrpoBe of impressing upon it a sapematiml character, 
and enabling them to maintain their influence orer a 
credulous people. 

The inquiries of recent travellora have enabled ns to 
corroborate these viene, and to add another remarkable 
example of the influence of snbterraneons sonuds over 
superstitious minds. About three leagues to the north 
of Tor, in Arabia Petrtea, is a mountain, within the boBom 
of which the most eingular sounds have boon heard. 
The Arabs of the Desert ascribe these sounds to a convent 
of monks preserved miraculously under ground, and the 
Eitund is supposed to be that of the Nakoat, a long norroir 
metallic ruler, suspended horizontally, which tho priest 
strikes with a hammer for the purpose of assembling tho 
monks to prayer. A Greek was said to have seen the 
mountain open, and to have descended into the subter- 
ranean convent, where he foimd fine gardens and delicious 
water ; and, iu order to give proof of his descent, he pro- 
duced some fragments of consecrated bread, which he 
preteuded to have brought froia tho Gubterranean convent. 
The inhabitants of Tor likewise declare that the camels 
iirc not only frightened but rendered furious when they 
hear thuse subterraneous sounds. 

It Sectxen, tho first European traveller who visited 




■ ibis oitraordiuary mountaiu, set out from Woodycl Nftctel 
' a the 17th of Juno nt five o'clock ill " 

« accompanied by a Greek Christian and eome Btdoi 
Arabs, and after a qnirter of an hour's walk they reached 
the foot of a majestic rock of hard saadstono. The 
mountftin itself was quite bare and entirely corajHised of 
it. He fonnd inscribed upon the rock several Greek and 
Arab names, and also some Koptic characters, which 
proved that it had been resorted to for centuries. Aboat 
nooE the party reached tho foot of the mountains called 
NakouB, where at the foot of a ridge they beheld an insu- 
lated peaked rock. This mountain prosentod upon two 
I of its sides two sandy declivities about ISO feet high, and 
W BO inclined that the white and slightly adhering sani 
which rests upon its aurfuco is scarcely able to support 
itsolf ; and when the scorching heat of the son destroys 
its feeble cohesion, or when it is agitated by the smallest 
motions, it slides down the two acclivities. Thcso declivi- 
ties unite behind the insulated rock, forming an acute 
angle, and, like the adjacent surfaces, they are covered 
mth steep rocks which consist chiofly of a white and 
&iahlo freestone. 
I The first sound which greeted the cars of tho traveUers 
I took place at an hour and a quarter after noon. They 
bad climhed with great difficulty as far as tho sandy 
declivity, a height of seventy or eighty feet, find had 
rested beneath the rocks where tho pilgrims are accustomed 
to listen to the sounds. 

While in the act of climbing, M. Seetzen heard the 
sound from beneath his knees, and henco he was led to 
think that the sliding of the sand was the caune of the 
sound, and not the effect of tho vibration which it ocoi- 
eioned. At throe o'clock tho sound bccnmo louder, and 
contintiod sis minutes, and after liaving ceased for ten 
jninntea, it was again beard. The sound appeared to hnva 
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tlie greatuBt resemblanco to that of tlie humniicg-top, 
rising and faUing like tliut of an Eulinn haip. Belieying 
that he hail discovered the true origin of the sound, H. 
Seetzeen was anxious to repeat tho experiment, iind with 
this view ho climbed with tlie utmoet difEculty to the 
highest rocks, and, slidiug down as fast as he could, ho 
oadeavoured, with the holp of his Itnnda and feet, to ant 
the Band in motion. The effect thus produced far exQeedial 
Lis expectetions, and the sand in rolling beneath him 
made so loud a noise that tho oatth seemed to tremble to 
such a degree that he states he should certainly Laye been 
afraid if he had been ignorant of the cause, 

M. Seetzen throws out some conjectures respecting tho 
cQUBO of these sounds. Does t]ie rolling layer of sand, 
says ho, act like the fiddle-bow, which on being rubbed 
upon a plate of glass raises and distributes into regular 
figures tho Band with which tho plato is covered ? Does 
the adherent and fixed layer of Eaud perform here the 
part of the plate of glass, and the neighbouring rooka that 
of the sounding body? We cannot pretend to answer 
these questions, but wo trust that some philosopher com- 
petent to tho task will have an opportunity of examining 
these iuteresting phenomena with more attention, and 
describing them with greater accuracy. 

The only person, so far as 1 can learn, wlio has visited 
£1 14'akous since tho time of Seetzen is Mr. Gray, of 
University College, Oxford ; but be has not added mncli 
to the information acq^uired by his predecessor. During 
the first visit which he made to the place, he heard at tlio 
cud of a quarter of an hour a low continuous murmuring 
sound beneath his feet, which gradually changed intn 
pulsations as it became louder, so as to resemble tho 
striking of a clock, and at tho end of fivo minutes it 
became so strong as to detach the Band, Eeturning to the 
spot next day, he heard the sotmd still louder than before. 
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He could not observe any crevices by which the external 
air could penetrate, and as the sky was serene and the air 
calm, he was satisfied that the sounds could not arise from 
this cause.* 

^ See Edinlmrgli Journal of Scieme, Ko, zi. p. 153, and No. xiii. 
p. 51. 
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LETTER X. 

JfeeKoniral itneitlioiit of the. anci'eiiU few in namber—AtieitMt a 
modem feali of ilrfnglU—Feati of Eekeberg paTiiBiUarly d»- 
$eribed-~GeneTal erp?ona(ion of them — Seal featt of (trengfb 
ferformeil bij Tknmtu Topham — SemaTjaalie potnr of lifUng 
hfa^S jterioiu wfien Oa lungr are inflated — Bebonfa frat of 
«ufiiinin<7 pyramiiie of men — Deception of imlking along the 
eeiling in aa inreried poiilion — Pneumatic apparalui in tht fool 
of the hoiiie-Jtg for enabling it to aalk in oppoiition to gravHi/ — 
Deteriplion of Uie ani^ogoui apparaiiit emploi/ed hg Ihe gadio 
Ihard far (lie lame purpoie — jlpparaitu used U/ Uie Edtitieii 
ranora or tudiijtg fiilt. 

Thi medmnicol knowledge of the tincionts was pcincipallj 
theoretical, and though they eeeia to have executed Bome 
minor pioces of mechanism which were Bofficicnt to delude 
the ignorant, yet there is no renson for believing tliat 
they have executed any machinery that wils capable of 
exciting much surprise, eitlier by its ingenuity or its 
magnitude. The properties of tho mechanical powers, 
however, seem to have been BiicoeBsfully employed in 
performing feats of etrengtli which were beyond the reach 
even of strong men, and which could not fail to excite the 
greatest wonder when exhibited by persona of ordinary 

FirmuB, a native of Scloucia, who wag executed by the 
Emperor Aurelian for espoasiug the cause of Zonobia, was 
celebrated for his feats of strength. In his account of tlie 
life of Firmus, wiio lived in tho third century, VopiscuB 
informs us, that he could suffer iron to bo forged upon an 
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nnvil placed upon liia breast. In doing this lie lay upon 
hie back, and restiiig liis feet and Ehouldci's against some 
support, liig whole body formed an ai'cli as we shall after- 
wards more particularly explain. Until the end of the 
sixteenth century the exhibition of such feats does not 
sscm to have been common. About the year 1703, a 
native of Kent of the name of Joyce exhibited snch feats 
of strength ia London and other parts of England, that ho 
received tho name of the second Sampson. His own 
personal strength was very great ; hut ho liad also dts~ 
covered, without the aid of theory, various positions of Lis 
body ia which men even of common strength could perfona 
very surprising feats. He drew against horses, and raised 
enormous weights ; but as he aetoally exhibited his power 
in ways which evinced the enormous strength of his own 
muscles, all his feats were ascribed to the same cause, lu 
the course of eight or ten years, however, his methods 
were discovered, and many individuals of ordinary strength 
exhibited a number of his principal performances, though 
in a manner greatly inferior to Joyce. 

Some time afterwards, John Charles Yan Eckoborg, a 
native of Harzgerode in Anliolt, travelled through Eui'ope 
under tho appellation of Sampson, eshibiting very remark- 
able examples of hie strength. This we believe is the 
same person whose feats are particularly described by Dr. 
DcsaguUcra. He was a man of tho middle size, and of 
ordinary strength ; and as Dr. Desaguliers was convinced 
that his feats wore exhibitions of skill and not of strength, 
ho was desirous of discovering his methods, and with this 
view be went to see him accompanied with the Marquis of 
Tullibardino, Dr. Alexander Stuart, and Dr, Pringle, and 
his own mechanical operator. They placed themselves 
round the Gcniiau so as to be able to observe aocui'atoly 
all tliat bo did, ajid their success was bo great, that they 
were able to i>erform most of the feats the same evening 
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]jj tbemBcIves, and almost all tbe rest vben they had 
pnmdcd the proper apparatus. Dr. Desagnliors exhi- 
bited Bomo of the eiperiments before the Eoyal Society, 
and hae given such a distinct esplanation of the principles 
on which they depend, that wo shall cndeaTour to give a 
popnhu' account of them. 

1. The performer eat upon an inclined board A B 
placed upon a &ame G D £, mth his feet abutting against 




the upright board C. Bound his loins was placed a strong 
girdle F 0, to the iron ring of which at Q was fastened a 
ropo by mGflUB of a hook. The ropo passed between his 
legs throagh a holo in the board C, and several men, or 
two horses pulling at the other end of the rope, were 
unable to draw the performer out of his place. His hands 
at G seemed to pull against the men, but they wore of no 
advantage to him wbatevor. 

2. Another of the German's foats is shown in Fig. 52. 
Having fixed the rope above racntioned to a strong post 
at A, and made it pass through a fixed ii'on eye at B, to 
tbe ring in his girdle, he planted his feet against the post 
at B, and raised himself fi'om the ground by the rope, as 
shown in the figure. He then suddenly stretched out his 
logs and broke tbo Tope, falling hack on a feather-bed at 
0, spread out to receive him. 

3. In imitation of Firmus, he laid himself down on the 
ground, as shown in Fig. 53, and when an oavil A was 
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Fig. 52. 
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placed upon his breast, a man hammered with all his force 
the piece of iron B, with a sledge-hammer, and sometimes 

Fig. 53. 




Ho smiths cut in two with chisels a great cold bar of iron 
laid upon the anvil. At other times a stone of huge 
dimensions, half of which is shown at C, was laid upon his 
belly, and broken with a blow of the great hammer. 
4. The performer then placed his shoulders upon one 
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} chair, and his heele upon another, aa in Fig, 54, forming 
with his bick-bono, thighs, and legs, rin nrch springing 

! from its abutmentB at A and B. One or two men then 

stood ujion his bollj, rising np and down while the pcr- 

Pig, 54, 




former breathed. A stoiio one mid a lisilf feet luug, oiio 
foot broad, and halt a foot thick, was then laid upon hia 
belly and broken by a sled go-ham racr, an operation which 
may bo performed with much less tlnngcr than when bis 
back touched the ground, as in Fig, 63, 

5. Hia uext feat was to lie down on the ground as in 
Fig. 55. A man being then placed on his kucos,hc draws 
. his heels towards his body, nnd raising his kuees, he lifts 
up the nittu gradually, till having brought his knees 
porpondicularly under him, as in Fig. 56. he raises hia 
own body up, and placing his anns around the man's legs, 
he rises with him, and sets him down on some low table 
or eminence of the same height as his knees. This feat 
he sometimes perfoimed with two men in place of one. 
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Fig. 55. 




Fig. 66. 
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6. The last, and apparently the most wonderful, per- 
formance of the Germ&n is slunm in Fig. S7, where he 




appears to raise a cannon A, placed upon a scale, the 
fonr ropes of tlio scale being fiieJ to a rope or cliain 
attocbed to his girdle in the manner already described. 
Previoua to the fixing of the ropes, the cannon and scaIo 
rcat npon two rollers B C, bnt when all is ready, tho 
two rollers are knocked from beneath tho scale, and the 
cannon is sustained by the strength of hia loins. 

The German also eshibited his strength in twisting 
into a screw a fiat piece of iron like A, Fig, 58. Ho 
Jirst bent the iron into n right angle as at B, and then 
wrapping his handkei'chief about its broad upper end, he 
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A that ond in Us left band, and with hid right applied 
to the other end, twisted about the augohtr pointy as 




i^howD at C. Lord TullibnTdtne aacceeded iu doing the 
ftimo thing, and even untwisted one of the irons which 
the German had twisted. 

It would lead into details by no means popular, woro 
I to give a minute explanation of tho mechanical prin 
ciples upon which these feats depend, A few general 
observations will perhups be sufficient for ordinary 
readers, Tho feats No. 1, 2, and 6, depend entirely on 
the natural strength of the bones of the pelvis, whic]i 
form a double nrch, which it would require an immense 
force to break, by any external pressure directed to the 
centre of the arch ; and as the legs and thighs ore capable 
<if sustaining four or five thousand pounds when they 
!^tand quite upright, the pei'former has no difQculty 
resisting the force of two horses, or of sustaining the 
weight of a cannon weighing two or three thousand 
pounds. 

The feat of the anvil is certainly a very surprising 
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The difficulty, however, reallj consista in sustaining the 
anvil, for when this is done the effect of tho hammering 
ia nothing. If the auvil were a thin piece of iron, or 
even two or thtco times heavier than the hammer, tho 
performer wonld be killed by a few blows ; but the blows 
ore scarcely felt when tho anvil ia very heavy, fur the 
more matter tho anvil has, the gi-eater is its inortia, and 
it is the less liable to be stnick ont of its placo ; for 
when it has received by the blow the whole momentum 
of the hammer, its velocity will be so much less than that 
of the hammer, as its quantity of matter is greater. 
When the blow, indeed, is struck, the man feels less of 
the weight of tho anvil than lie did befuic, because in the 
reaction of the stone all tho parts of it round about tho 
3 towards the blow. This property is illus- 
tnited by the well-known csperimcnt of laying a stick 
with its euds upon two drinking glassos full of water, 
and striking the stick downwatda in the middle with an 

n bar. The stick will in this cose be broken without 
breaking the glasses, or spilling the water. But if the 
stick is struck upwards as if to throw it up in the air, 
the glasses will break if tho blow bo sti'ong, aud if the 
blow is not ver}' quick, the water will be spilt without 
breaking tho glasses. 

When the performer supports a man upon his belly as 
in Fig. 64:, ho does it by means of the strong arch formed 
by his backbone, and tho bones of his legs and thighs. If 
there were room for them he could bear three or four, or, 
in their stead, a groat stone, to bo broken witli one blow. 

A number of feats of i-eal and estraordinary strength 
exhibited about a century ago, in London, by 
Thomas Topham, who was five foct ten inches high, and 
about 31 years of age. Ho was entirely ignorant of any 
of the methods for making his strength ujipcar moro 
I, and be often performed by his own natiual 



FEATS OP 8TBEXQTII OF TOPHAJI. 309 

^powers what he lenmod had been done by others by 
Utificial means. A distroBsing examplo of this oacnired 
in his attempt to imitate the fent of the German Sampson 
by pulling ngainst horses. Ignorant of the method which 
we havo already described, he seated himself on the 
ground with his feet against two stirrups, and by the 
"weight of hia body ho succeeded in pnlling against a 
, single horse ; but in attempting to pull against two horees, 
he was lifted out of his place and one of his knees was 
shattered against the stirmpa, bo as to deprive him of 
most of the strength of one of his legs. The following 
arc the feats of real strength which Dr. Desnguliers saw 
him perform. 

1. Having rubbed his fingers with coal ashes to keep 
th,em from slipping, he rolled up a very strong and large 
pewter plate. 

2. Having laid seven or eight short and strong pieces of 
tobacco-pipe on the first and third finger, he broke them 
by the force of his middle finger. 

3. He broke the bowl of a strong tobacco-pipe placed 
' between his first and third finger, by pressing his fingers 

ither sideways. 

, Having thrust such another bowl imder hia garter, 
I his legs being bent, he broke it to iiicccs by the tendons 
I of his hams, without altering the bonding of his leg. 
I 5. He lifted with lus teeth, and held in a horizontal 
I position for a considerable time, a table sii feet long, with 
|. half B hundredweight hanging at the end of it. The feet 
' of the table rested against his knees. 

. Holding in his right hand an iron kitchen pokor 
16 feet long and three inches round, he struck upon his 
) left arm, between the elbow and tho wrist, till ho 
bent tho poker nearly to a light angle. 

7. I'aking a similar poker, and holding the ends of it , 

in his hands, oud the middle against the back of his nook, m 
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he brought both ends of it together befero hiio, and 
then pulleil it almost straight again. This last feat 
the most difficult, because the mitscles which soparate the 
ni'iuB horizontally from each other are not so strong as 
those which bring them together. 

8. He broke a rope about two inches in circumference, 
which was partly wound about a cylinder four inches in 
diameter, having fastened the other end of it to straps that 
went o»er his shoulder. 

9. Dr, Deaaguliera sow him lift a rolling stone of about 
800 lbs. weight with his hands only, standing in a fotme 
above it, and taking hold of a frame fastened to it. Hence 
Dr. Deeaguliors gives the following relative view of the 
etiengtha of individuolB : 

Strength of the weakest men - - 125 lbs. 
Strength of very strong men - - 400 
Strength of Topham . - . . SOO 
Tho weight of Topham waa about 200. 

One of the most remarkable and inexplicable osperiments 
relative to tho strength of the human frame, which you 
have yourself seen and admired, is that in which a heavy 
man is raised with the greatest facility, when he is lifted 
up the instant that his own lungs and thoso of the persona 
who raise lum are inflated with air. This experiment 
was, I believe, first shown in England a few years ago by 
Major H., who saw it performed in a largo party at Venice 
under the diractiou of an ofScer of the American Navy. 
As Major H. performed it moi'e than once in my presence, 
I shall describe as nearly as possible tho method which he 
prescribed. The heaviest pei'son in the party lies down 
upon two chairs, hia legs being supported by tlie one and 
his back by the other. Four persons, one at each leg, and 
one at each shoulder, then try to raise him, and they find 
his dead weight to be very great, from the difficulty they 
experience in supporting him. When he is replaced in 
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the choir, eath of the four pcTEous takes huld of tlio body 
aa before, and the pci'Bon to be lii't^ givoe tivo Hignals by 
clapping his liaads. At the first eigiml bo himself and 
the foiu- liftei's begin to draw a long »nd full breath, and 
when the inhalation is completed, or the lungs filled, the 
Bccoud signal is given, for raising the poi'son from the 
chair. To bis own Bnrpriae and that of Uis bearers, ho 
rises with the gieatest facility, us if ho wore no heavier 
than afuather. On several occasions I have observed that 
when one of tho bearers pei'forms bis part ill, by making 
the inhalation out of time, the part of tho body which he 
trios to raise is left as it were behind. As you have 
repeateiUy seen this expei'inient, and have performed tho 
part both of the load and of the beai'or, you eaa testify 
how Femai'kablo the effects appeal' to nil parties, and bow 
complete is tho conviction, either that tho load has been 
lightened, or tho bearer strengthened hy tho prescribed 
process- 

At Venice the experiment was performed in a inueh 
more imposing mannor. Tho heaviest man in the party 
was raised and sustained upon tho points of the fore- 
fingers of six persons. Major H. declared that the ozport- 
ment would not saeeeed if tho person lifted were placed 
upon a board, and the strength of the individuals applied 
to the board. Ho conceived it necessary that the bearers 
should communicate directly with the body to ha raised. 
I have not had an opportunity of making any ciporimonts 
relative to tiiese curious facts ; hut wliethor the goncral 
eflect is an illusion, or the result of known or of now 
principles, the svibject merits a careful investigation. 

Among the remarkable exhibitions of mechanical 
strength and dexterity, we may cnuraer.ito thot of support- 
ing pyramids of men. This exhibition is a very ancient 
one. It is described, though not very clearly, by the 
IComan poet Claudlan, and it has derived some impottooce 
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in modern times, m consequence of its liaving been per- 
formeil in larions parts of great Britain by the celebrated 
traveller Belzoni, before he entered npon ' the more 
Oflliiuable career of an explorer of Egyptian aatiqaities. 
The simpleGt form of thie feat consists in placing a nomber 
of men upon encU other's shoulders, bo that each row con- 
if a man fewer till they form a pyramid terminating 
in k single person, upon whose head a boy is sometimeB 
placed with his feet upwards. 

Among the displays of mechanical dextvritv, thongh 
not grounded on any scientific principle, may be mentioned 
the art of walking along the ceiling of an apartment with 
the bead downwards. This exhibition, which we have 
witnessed in one of the London Theatres, never &iled to 
excite the wonder of the audience, although the movements 
of the inverted performer were not snch as to inspire UB 
with any high ideas of the mechanism by which they 
were effected. The following was probably the method 
by which the performer was carried along the ceiling. 
Two parallel grooves or openings were made in the 
ceiling at the same distance as the foot tracks of a person 
walking on sand. These grooves were narrower than the 
hmnan foot, so as to permit a rope or chain or strong wire, 
attached to the feet of the performer, to pass through the 
ceiling, where they were held by two or more persons 
above it. In this way the inverted performer might be 
carried along by a sliding or shnfliing motion, similar to 
that which is adopted in walking in the dark, and in 
which the feet are not lifted from the gronnJ. A more 
regular motion, however, might be produced by a contriv- 
ance for attaching the rope or chain to the sole of the 
foot, at each stop, and subsequently detaching it. In this 
way, when the performer is pulled against the celling by 
bis left foot, he would lift his right foot, and having made 
a step with it. and planted it against the grooves, the ropo 
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would bo attached to it, aud ivbGti the I'opc was detached 
from the left foot, it would make a similar step, while the 
right foot was pulled against the ceiling. These effects 
might be facilitated and rendered more natural hy attach- 
ing to the body or to the feet of the performer strong 
wires invisihlo to the audience, and by nsing friction 
whecle, if a sliding motion only is required, 

A more scieutifio method of walking upon the ceiling 
is suggested hy those beautiful pneumatic contrivaneeH by 
which insects, fishes, and even some lizards ore enabled 
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to support the weight of their bodies against the force of 
grayity. The honse-fly is well known to have the power 
of walking in on inverted position upon tho ceilings of 
roomH, as woU. aa npon the smootheHt eurfaoea. In this 
case the £y does not rost upon its legs, and must therefore 
adhere to the ceiling, either by some glutinous matter 
upon its feet, or by the aid of some apparatus given it for 
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that purpoBC, lu ciamlniiig the foot of the fly with 
powerful microBcopo, it is foimd to conBiGt of two 
viticB, ae shown is Fig. 59 und GO, tho first of whiuli ie 
copied from a drawing by G. Adams, published in 1746, 
and the second by J. C. Kellnr, a jminter at Nuremberg, 
who drew it for a work publiahed in 1766. The author 
of this work maintains that thoso concavities are only 
used when the fly moves horizontally, and that, wheu it 
moves perpendicularly or on the coiling, they are tnniod 
up out of tho way, and the progressive motion is effected 
by filing tho claws eho^vn in the figure into tho irregn- 
laritiee of the surtace upon which the fly moves, whether 
Fig. (10. 




it is glass, porcelain, or any other suhtaucc. Sir Evornnl 
Home, however, supposes with groat reason, that those 
concave surfaces are (like tho leathern suckers used by 
children for lifting atones) employed to form a vacuum, 
Eo that tho foot adheres as it were by suction to tho 
ceiling, and euables the insect to support itself in an 
i&Tsited position. 
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Thifl conoluBion Sir Everard has been led to draw from 
lation of the foot of the Lacerta Grecto. Sir 
Joseph Banks had taentioned to him in the year J.815, 
that thie lizard, which is a native of the island of Java, 
tomes out in the evening from the roofa of the houses, 
and wolks down tho smooth, hard, polished chtmam welUs 
inseoroli of tho flies whieli settle upon them, ami whieh 
are its natural food. When Sir Joseph was at Batnvia, 
he amused himself in catching this lizard. He stood close 
to tho wall at some distance from tlic animal, and, by 
suddenly scraping the wall with a long flattened polo, he 
was able to bring the animal to tho ground. 

Having procured from Sir Joseph a very largo specimen 
of the Gecko, which weighed 5 J ounces avoirdupois. Sir 
Everard Home was enabled to ascertain the peculiar 
niechauiem by which tho feet of this animal have the 
power of keeping hold of a smooth, hard, pei-pendicular 
wall, and carry up so heavy a weight us that of its body, 

Tho foot of tho Gecko has five toes, and at tho end of 
each of them, except the thumb, is a very sharp, and highly- 
curved claw. On the under surface of each toe aro six- 
teen transverse slits, leading to as many cavities or pockets, 
the depth of which is nearly cixual to the length of the 
slit that forms the surface. These cavities all open 
forwards, and the eiteraal edge of each opening is serrated 
liko tho toeth of a small toothed eomb, Tho cavities aro 
lined with a cuticle, which also covers the serrated edges. 

This structure Sir Everard Homo found to hear a con- 
siderable resemblance to that portion of tho head of tho 
Echiaeia remora, or sucking-fish, by whieh it attaches itself 
to the shark, or the bottoms of ships. It is of an oval 
form, and is surrounded by a broad, loose, moveable 
capable of applying itself closely to thu surface on which 
it is sot. It consists of tiro rows of cartilaginous plat( 
connected by one etige to the surface on which they are 
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placed, the other, or the external edge, being serrated like 
that in the cavities of the feet of the Gecko. The two 
rows are separated by a thin ligamentous partition, and 
the plates being raised or depressed by the voluntary 
mucles form so many vacua, by means of which the adhe- 
sion of the fish is effected. 

These beautiful contrivances of Divine Wisdom cannot 
fail to arrest the attention and excite the admiration of 
the reader ; but though there can be little doubt that they 
are pneumatic suckers wrought by the voluntary muscles 
of the animals to which they belong, yet we would 
recommend the farther examination of them to the atten- 
tion of those who have good microscopes at their command. 
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LETTER XI. 

KjliKAaiticaf auioiiwia 0/ the aimienis — Idoviiig tripods — Automata 0} 
Dedoiaa — Wooden pigeon of Archyttu — Automatic dock oj 
CharUmagne — Aatomaia made by TuTriama for CHarle* V. — 
Camus'i aviomatia aairiage made for Loiait XI V. — Degenneet 
medianical pearock — Fuuoinfon'i dude viliich ale and digeiled 
ill food — Du Motdin't automata — Baron Eenpelen'i atilomatan 
ch^-player — Drawing and loriiing automata — MaUlaTdel'i 
— BenefiU defined from the pauion for atdomata — 
EiKimptet of vxmderfvi machinery for tieeful purpoiei — Hihushi's 
tambouring madanery — Watt'a itatue-tumiiig machinery — Sab- 
bage'a calcutaliiig moekiiiery, 

B have already seen that the ancients had attained some 
degree of perfection in the construction of automata or 
pieceB of mechanism which imitated the movemcuts of 
man and the lower animals. The tripods which Homer " 
mentions as having been constructed by Vulcan for tho 
banqueting hall of tho gods, advanced of their own accord 
to the tablC) und again returned to their place. Self- 
moving tripods ato mentioned by Aristotle, and Philos- 
tratuB informs us, in his life of Apollonius, that thiE 
philosopher saw and admired similar pieces of mechnnisn) 
among the sages of India. 

Dredalus enjoys also the reputation of having constructed 
maeliines that imitated the motionB of t!ie human body. 
Some of his statues are said to have moved about spon- 
taneously, and Plato, Aristotle, and others have related 
that it was necessary to tie them, in order to prevent them 
• niad. Lib. i 
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from mnning away. Aristotle speaks of a wooden Venna, 
which moved about in eonaeqnence of qtiicksiiver being 
poured into ita interior; but Callistratua, the tntor of 
DemostheneB, states with some probahiHt y, that the statues 
of Biedaliia received their motion from the mechanical 
powers. Beckniann is of opinion that the statues of 
Usdolus differed only from those of tho early Greeks and 
Egyptians in having their eyes open and their feet and 
hands free, and that the reclining posture of some, and the 
attitude of others, "as if ready to walk," gave rise to the 
exaggeration that they possessed the power of locomotion. 
This opinion, however, cannot be maintained with any 
show of I'eason ; for if we apply such a principle in one 
case, we must apply it in all, and tho mind would be left 
in a state of utter scepticism respecting the inventions of 
uicient times. 

We are informed by Aulas Gellius, on the atitliority of 
Fayorinua, that Aichytas of Tarentnm, who flourished 
about 400 years before Christ, constructed a wooden pigeon 
which was capable of flying. Favorinne relates, that when 
it hod once alighted, it could not again resume its flighty 
and AuluB Gellins adds, that it was suspended by balancing, 
and animated by a concealed auca or spirit. 

Among the earliest pieces of modem mechanism was 
the curloua water-clock presented to Charlemagne by the 
Ealiph Harun ol ICaachid. In the dial-plate there were 
twelve small windows corresponding with the divisionB of 
the hours. Tho hours were indicated by the opening of 
the windows, which let out little metallic bolls, which 
struck the hour by falling npon a brazen bell. The doors 
continued open till twelve o'clock, when twelve little 
knights, mounted on horseback, came out at the same 
instant, and after parading round the dial, shut all tbo 
windows and returned to their apirtmonts.' 
• Annala Loisitiani. Anno 807. 
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The next automatA of which any distinct aoconut has 
lieeu preBoi'ved are those of the celehrated John Mnller or 
which have heen mentioned by Kirchor, 
Baptiata Foi'ta, Gassendi, Lana, and Biebop WiDdne, 
Thie philosopher is said to have constructed an artificial 
eagle, which Sow to meet the Emperor Maximilian when 
he arrived at Nuremberg on the 7th June, 1470. After 
Bearing aloft in the air, the e^Ie is stated to have met the 
Emperor at Bome distance from the city, and to Lave 
returned and perched upon the town gate, where it waited 
his approach. When the Emperor reached the gate, the 
eagle stretched out its wings, and salntod him by an 
inclination of its body. Muller ia likewise reported to 
have conBtructed an iron fly, which was put in motion by 
■wheel-work, and which flew about and leapt npon the 
table. At an entertainment given by this philosopher to 
Bome of his familiar frienda, the fly 2ew from his hand, 
Bnd after performing a considerable round, it returned 
again to the hand of its master. 

The Emperor Charles V., after bis abdication of the 
throne, amused himsolf in his later years with automata of 
various kinds. The artist whom he employed was 
Janellus Tnrrianna of Cremona. It was his custom after 
to introduce upon the table figures of armed men 
and horoca. Some of these heat drums, others played upon 
flates, while a third set attacked each other with spears, 
imes he let fly wooden sparrows, which flew hack 
to thoir nest. He also exhibited corn-mills so 
'extremely small that they could be concealed in a glove, 
yet so powcrfiil that they could grind in a day aa mu'^U 
oom aa would supply eight men with food for a day. 

The next piece of mechanisia of suflieient interest to 
merit our attention is that which was made by M. Camus 
for the amusement of Louis XIV. when a child. 
Bisted of a email ooach, which was drawn by two hoiaes, 
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and which contained the 6gDre of a lady within, with a 
footraoa and page behind. "When tiiis machine waa 
placed at the extremity of a table of the proper size, the 
cooohman emacked hiB whip, and the horses ingtantly Bet 
ofE^ moviog their legs in a natural manner, and drawing 
the coach after them. When the coach reached the oppo- 
site edge of the table, it turned sharply at a right angle, 
and proceeded along the adjacent edge. As Eoon as it 
arrived opposite the place trhcre the King sat it Gtopped ; 
the page descended and opened Uie coach door ; the lady 
alighted, and with a cortsey presented a petition, which 
she held in her hand to the King. After waiting some 
time she again curtsied and re-entered the cari'iage. The 
page closed the door, and having resumed his place 
behind, the coachman whipped his horses and drove on. 
The footman who had previously alighted, ran after the 
carriage and jumped up behind into his former place. 

Not content with imitating the movements of aaimalB, 
the mechanical genius of the 17th and 18th centuries 
ventured to perform by wheels and pinions the functions 
of vitality. We are informed by M. Lobat, that General 
Degennes, a French officer who defended the colony of St. 
Christopher's against tbo Englisli forces, constructed a 
peacook, which could walk about as if alive, pick up 
grains of corn from the ground, digest them as if they 
had boon Gubmittod to the action of the stomach, and 
aftorwarda discharge them in an altered form. Degennes 
ia said to have invented various toachines of great use in 
navigation and gunnery, and to have construeted clocks 
without weights or springs. 

The automaton of Degennes probably suggested to M. 
Vaucanson the idea of constructing his celebrated duck, 
which escited so much interest throughout Europe, and 
which was perhaps the most wonderful piece of mechanism 
that was ever made. Yaucanson's duck exactly resembled 
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the livifig animal in size and appeaiauoe. It executed 
accurately all its moTemonts and gestures, it ate and drank 
with avidity, performed all the g^uiok motione of the head 
and throat which are peculiar to tlie living animal, and 
like it, it muddled the water which it di'ank with its bill. 
It produced also the sound of quacldiig in the moet natural 
manner. In the anatomical etructure of the duck, the 
artist exhibited the highest Kkill, Every bone in the real 
duck had lis repreBentative in the automaton, and its 
wingB were anatomically esact. Every cavity, apophysis, 
and curvaturo was imitated, and each bone executed its 
proper movements. When com was thrown down before 
it, the duck stretched out its neck to pick it up, it swallowed 
it, digested it, and discharged it, in a digested condition. 
The process of digestion was effected by chemical solution, 
and not by trituration, and the food digested in the 
stomach was conveyed away by tubes to the place of its 
discharge. 

Tho automata of Vaueanson were imitated by one Du 
Moulin, a silversmith, who travollod with thom through 
Germany in 1752, and who died at Moscow in 1765. 
Beckmaim informs us that he saw several of them after 
tho maehinery had been deranged ; but that the artificial 
duck, which ho regarded as the most ingenious, was still 
able to eat, diink, and move. Ila ribs, which were made 
of wire, were covered \vith duck's feathers, and the motion 
was communicated through the feet of tho duck by means 
of a cylinder and fino chains like that of a watch. 

Ittgenious as all these machines are, they sink into 
insignificance when compared with the automaton chess- 
player, which for a long time astonished and delighted 
the whole of Europe. lu the year 17S9, M. Kempelen, a 
gentleman of Prcsburg in Hungary, constructed an auto- 
maton clioss-player, the general appcaracco of which ii 
shown in tho snuexed figurea. The chess-player ia a 
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figure as large an life, clothed in a Turkish dreaa, si 
behind a large equore chest or bo\ three feet and a half 
long, two ibct deep, and two aud a half high. The machine 
runs OS casters, and is cither soon on the floor when the 
doors of the apartment are thrown open, oi is wheeled 
into the room previous to the commencement of the exhi- 
bition. The Turkiah chess-player sits on a chair fixed to 
the square chest : his right arm rests on the table, and in 
the left he holds a, pipe, which is remoTod during the 
game, as it is with this band that bo makes the moves. A 
chess-board, eighteen inches square, and bearing the usual 
number of pieces, ia placed before the figure. The 




esbibitor then announces to the spectators his intention of 
showing them the mechanism of the automaton. For this 
J unlocks tho door A, Fig. 61, and exposes to 
a small cupboard lined with block or dark coloured 
cloth, and containing cylinders, levora, wheels, pinions, 
and different pieces of machinery, which Jiave tie appearance 
of occupying the whole space. He next opens the door 
B, Fig. 62, at the back of the same cnpboard. and holding 
a lighted candle nt the opening, bo still further displays 
the enoloaed machinery to the spectators, placed in &ont 
of A, Fig. 61. When the candle ia withdrawn, tho door 
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IB then locked ; anil tlie exhibitor proceede to open the 
larawer Q, G, Fig. 61, in front of the cheni Out of this 
drawer he takes a small bos of counters, a set of chees- 
mon, and a cushiou fur the support of the automaton's 
arm, as if this was the sole object of the drawer. The 
two front doors, C, C, of tho Inrgc cupboard, Fig. 61, are 
then opened, and at the back-door D of the same cup- 
board, Fig. 62, tho exhibitor applies a lighted candle, as 
before, for the purpose of showiag its interior, which is 
lined with dark cloth like the other, and contains only n 
few pieces of machinery. The cheat is now wheeled 
round, as in Fig. 62 ; tho gai'uieuts of tho figure aro 
lifted up, and the door E in the trunk, and another door 
F in the thigh, are opened, the doors B and D hnying 
been previously cIoRcd. When this exhibition of tho 
interior of the machine is over, tho chcut is wheeled back 
into its original position on the floor. The doors A, C, C, 
ia front, and the drawer G, G, aro cIoBcd and locked, nud 
the e>diibitor, after occupying himself for some time at the 
back of tho chest, as if he were adjusting the mechanism, 
removes the pipe from the haiid of the figure, and winds 
up the machinery. 

The automaton is now ready to play, and when au 
opponent has been found among tho company, the figure 
takes tho first move. At every move made by tho 
iuitomaton, the wheels of tho machine are heard in action ; 
tho figm'e moves its head, and Beoma to look over every 
part of the chess-board. When it gives check to itB 
opponent, it shakos its head thrke, and only lioice when it 
checks the queon. It likewise shakos its head when a 
falao move is made, replaces tho advei'sary's piece on tho 
square from which it was taken, and takes tho next move 
itself. In general, thau}:;h not always, the automaton 
wins tho game. 

During the progress of the game, the exhibitor often 
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sfdod near the mncbinc, aiid wound it tip like a clock 
after it had made ten or twolre moTes. At other times he 
went to a comer of the rooto, as if it weie to confiolt a 
emoU aqoare box, which stood open for tliis purpose. 

The chess-playing machine, as thus described, was 
exhibited after its completion in Preebm^ Vienna, and 
Paris, to thoneands, and in 1783 and 178i it was exhibited 
in Loudon and different parts of England, without the 
secret of its movements having been diacovered. Its 
ingeuious inventor, who was a gentleman and a man of 
education, never pretended that the antomaton itself 
really played the game. On the contrary, he distinctly 
stated, " that the machine was a bagaUUe, which woa not 
without merit in point of mechanism, bnt that the effects 
of it appeared so raarvellons only from the boldness of 
the conception, and the fortunate choice of the methods 
adopted for promoting the illnsion," 

Upon couBidering the operations of this automaton, it 
mnst have been obvious that the game of chess was 
performed either by a person enclosed in the chest, or by 
the exhibitor himself. The first of these hypotheses was 
ingeniously deluded by the display of the interior of the 
machine, for as every part contained moro or loss 
machinery, the spectator invariably concluded that the 
smallest dwarf could not be occommodated within, and 
this idea was strengihencd by the circumstance, that no 
person of this description could he discovered in the suito 
of the exhibitor. Hence the conclusion was draivn, that 
the exhibitor actuated the machine either hy mechanical 
means conveyed through its feet, or by a magnet concealed 
in the body of the exhibitor. That mechanical communi- 
cation was not formed between the exhibitor and the 
figure, was obvious from the fact, that no such communi- 
cation was visible, ond that it was not necessary to place 
tlie machine on any pnrticnlar part of the floor. Henoe 
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the opinion became very prevalent that the agent was a 
magnet ; but even tbis eupposition was excluded, for the 
exhibitor allowed a strong and well-armed loadetono to 
he placed upon the machine during the progress of the 
game. Had the moving power been a magnet, the whole 
action of tba machine would have been deranged by the 
approximation of a loadstone concealed ia the pockets of 
any of the spectators. 

As Baron Eempolen himself had admitted that there 
was an illusion connected with tho performance of the 
antoraaton, various persons resumed the original conjectuie, 
that it WDfi actnated by a person concealed in its interior, 
who either played tho game of chess himself, or performed 
the moves which the exhibitor indicnlod by signals. A 
Mr. J. r. Freyhere of Drealcn published a booh on tho 
subject in 1789, in which he endeavoured to explain, by 
culonred plates, how the cflect was produced; and he 
concludetl, " that a well-taught boy, very thin and tall of 
his ago (sufBciently so that he could he concealed in a 
drawer almost immediately under the chess-board), agitated 
the whole." 

In another pamphlet which had been previously pub- 
lished at Pari^ in ITSS, the author not only supposed that 
the machine was put in motion by a dwarf, a famous chess- 
player, but he goes so far as to explain the manner in 
which he could bo aecnmmodatcd within the machine. 
The invisibility of tho dwarf whon the doors were opened 
was explained by his legs and thighs being concealed in 
two hollow cylinders, while the rest of his body was out 
of tho bos, and hid by tho petticoats of the automaton. 
When the doors were shut the clacks produced by the 
swivel of a ratchet-wheel permitted the dwaif to chango 
his place and return to tho box unheard ; and while the 
machine was wheeled about tho room, tho dwarf had an 
opportunity of shutting tlie trap through which ho passed 
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into the machine. The intorior of the figni'o was noit 
shown, and the spectators wero satisfied that the box con- 
tained no living agent. 

Although tliBse views were very plausible, yet they 
were never goncnJly adopted ; and when the automaton 
WBB cshibited in Great Britain in 1819 and 1830, by 
M. Maelzcl, it excited as intense an interest as when it 
was first produced in Germany. There can be little 
doubt, however, that the secret has been diecovored ; and 
an anonymous writer haa shown in a pamphlet, entitled 
•'An attenipt to anoJijm (lie Automaton Cliesg-player of M, 
Kcmpelen," that it is eapablo of Bceonuuodating un 
ordinary-Kizcd man; and he has explained in the clearest 
manner how the ineloHcd player takes all the di&rent 
positions, and performs all the motions which are necessary 
to prodnce the effects actually obsei-ved. The following 
is the substance of his observationg : 

The drawer G G when closed does not extend to the 
bock of the chest, but leaves* a space behind it (sec 
Figs. 69, 70, and 71), fourteen inches broad, eight inches 
high, and threo feet eleven inches long. This space is 
never exposed to the view of spectators. The small 
cupboard seen at A is divided into two parts by a door or 
screen I, Fig. C8, which is moveable upon a hinge, and is 
so constructed that it closes nt the some instant that fi is 
closed. The whole of the &ont compai'tment as far as I is 
occupied with the machinery H. The other compai'tment 
behind I is empty, and communicates with the space O 
behind the drawer, the floor of tliis division being removed. 
The back of the great cupboard C C is double, and the 
port P Q, to which the quadrants are attached, moves on 
a joint Q, at the upper part, and foi-ma when i-aised an 
opening 8, between the two cupboards, by carrying ivith 
it part of the pai'tition E, which consists of cloth tightly 
Eiretched. Tho false back is shown closed in Fig. GD, 
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while Fig. 70 hUows the same back raised, m m to form 
the opening S between the chmnbers. 

Wien the apectator is allowed to look into the ti'unk 
of the figure by lifting np the dresK, as in Fig. 70, it will 
bo observed that a great part of the space is uocupied by 
an inner trunk N, Fig. 70, 71, which paeses off to the 
back in the form of an arch, and conceals &om the 
speetatora a portion of the interior. This inner trunk N 
ojwnB and communieatea with the cheet by an aperture T, 
Fig. T'2, about twelve iiichis broad and fifteen high. 
Whon the false back is raised, the two cupboards, the 
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trunk N, and the space behind the di'awer, ore all cuu- 
uucted tuguthor. 

The ooustructiou of the intorior being thus understood, 
the chess-player may bo iatroduced into tho chest through 
the sliding panel U, Fig. G9. llo will then raise the 
false back of the large cupboard, and assume the position 
repreeented by the shaded figure in Fig. 03 and (id. 
Things being in this state, the exhibitor is ready to begin 
his process of deception. Ho first opens tho door A of 
the small cupboard, and fj'om the crowded and Tery 
ingenious disposition of tlic machinery within it, the eye 
is unable to penetrate far beyond tho opening, and the 
qiectator concludes without any hesitation that the whole 
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of the cnpboaTcl is filled, as it appears to be, with similar 
machinorj. This fnlse concIueiiHi is greatly corroboi^tod 
by observing the glimmering light which plays among 
the wheel-work wten the door B is opened, and a candlo 
held at the opening. This mode of exbibitiiig the interior 
of the cupboard satisfies the spectator also that no opaqne 
body capable of holding or concealing any of the parts 
of a hidden agent ib interpoBed between the light and the 
observer. The door B is now locked and the screen I 
closed, find OS thia is done at the time that the light is 
withdrawn it will wholly escape observation. 

The door B is so constructed as to close by its own 
weight, but as the lioad of the chess-player will soon be 
placed very near it, the secret would be disclosed if, iu 
turning round, the chest door should by any accident fly 
open. This accident is prevented by turning the key, 
and, lest this little circumstance should escito notice, it, 
would probably be regarded us accidental, as the keys 
were immediately wanted for the other locks. 

As soon as the door B is locked, and the ecroen I closed, 
the secret is no longer exposed to hazard, and the ex- 
hibitor proceeds to lead the ininda of the spectatorB still 
farther from the real state of things. The door A is left 
open to confirm the opinion that no person is concealed 
within, and that nothing can take place in the interior 
without being observed. 

The drawer Q G is now opened, apparently for the 
purpose of looking at the chess-men, cushion and counters 
which it contains ; but the real object of it is to give time 
to the player to change his position, as shown in the 
annexed figure, and to replace the false bock and portition 
preparatory to tho opening of the great cupboard. The 
chess-player, as tho figure shows, occupies with bis body 
the back compartment of the small cupboard, while hiB 
legs and thighs are contained in the space 0, behind the 
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(bftwer G G, his body being coacealed by tlio screen 1, 

A his limbs by the drawer G G. 

The great cupboard C C ia now opened, and thoro is so 
little muohinery iu it that the eye ingtontly discovert) that 
no person ia concealed iu it. To make this more certain, 
however, a door is opened at the back, and a lighted 
candle held to it, to allow the apectatora to explore every 
comer and recess. 

Fig. 65. 




The front doors of the great and small cupboard being 
left oponod, the chcet is wheeled round ta show the trunk 
of the figure, oad the bunch of keys is allowed to remain 
in the door D, as tho apparent carelessness of such ft pro- 
ceeding will help to remoya any suspicion which may 
have been excited by tho locking of the doot B. 

When the drapery of the figure has been raised, and 
the doors E and F in tho trunk and thigh opened, the 
chest is wheeled round again into its original position, 
and tho doors E and F closed. In the mean time the 
player ivithdraws his logs from behind tho drawer, as he 
cannot so easily do this when the drawer G G is pushed in. 

In ai\ tbeso operations, tho spectator flutters himsolf 
that ho htts seen in succession every part of the chest, 
while in reality aome porta have been wholly concealed 
from his view, and othere but impeifeotly shown, while nt 



tho preBciit time uoarlj half of tho cheat is excluded from 

>Vhea the drawer G G is puelicd in, and the doors A 
aad C (slosed, the exhibitor adjusts tho mftchioerj at the 
back, in oi'der to give time to the player to take the posi- 
tion shown in a front vieiv in Fig. 6S, and in profile in 
rig. 67. In this position he will esperionce no difficulty 
in executing eveiy movement made by the automaton. 
Ab his head is above the chesB-booj'd, he will see through 




the waistcoat of the £g»re, as easily as through a veil, tha 
whole of the piocea on the board, and he can easily take 
np and put down a chcsa-man without any other mechan- 
ism than that of a string communicating with the finger 
of the figure. His right hand being witlrin the chest may 
be employed to keep in motion the wheel-work for pro- 
ducing the noise which is heard during the moves, and to 
perform the othur movements of the figure, snch as that 
of moving the head, tapping on the chest, &e. 

A very ingenlona contrivance is adopted to &DilitBte 
the introduction of the player's le:^; arm into the Aim cf 
the figure. To permit this, the arm of the figure reqaiFeR 
to be drawn backwards ; and for the purpose of concaal- 
ing, and at the same time explaining this strained attitude, 
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a pipo is ingeniously placed in the automaton's hand. 
For this reason the pipe is not removed till all the other 
niTangemeiitB ore completed. Wlen everything has been 
thus prepared, the pipe is taken from the fignre, and the 
exhibitor winds up as it were the inclosed machinery, for 
the double purpose of impressing upon the company the 
belief that the effect is produced by machinery, and of 
giving a signal to the player to put in motion the head of 
mibe automaton. 
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Fig. «9. 
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This ingenious explanation of the chess automaton is, 
our author statea, greatly confirmed by the rei/ular and 
undeniating mode of disclosing the interior of the chest ; 
and he also shows that the facts which have been observed 
roBpecting the winding-up of the machine " afford positive 
proof that the axis turned by the key is quite free and 
unconnected either with a spring or weight, or any system 
of machinery." 

In order to make the preceding description more intel- 
ligible, I shall add the following more detailed ciplano- 
tioE of the figures. 

ITig. Hi is a perspective view of the automaton Been in 
front with all the door^ thrown open. 

Fig. 62 is an elevation of the automaton, as seen from 
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t'ig. 1>3 iii an elevation of the front at the elicit, the 
sluwleil figure repreeenting the encloeed player in his 
tint poBitiuu, or when the door A is opened. 

Fig. G4 ie a side elevation, the shaded figure represent- 
ing thu player in the same position. 

Fig. 65 is a front elevation, the ehaded figure showii^ 
the plaiy^ in biE eecond position, or that nhich he takes 
after the door B and screen I are closed, and the great 
cupboard opened. 

Fig. 66 is a front elevation, the shaded figure showing 
la hia third positioD, or that in which he plays 




Fig. 67 IB a side elentitm, showing the figure in the 

same position. 

Fig. 63 is an horizontal section of the chest through 
the line W W in Fig. 66. 

Fig. 69 is a vertical section of the chest through the 
line X X in Fig. 68. 

Fig. 70 is a vertical section through the line Y Y, 
Fig. 66 showing the false Lock closed. 

Fig. 71 is a similar vertical section showing the false 
bopk raised. 

The following letters of reference are employed in all 
tho figures : 

A. Front door of the small cnpboord, 

B. Bact door of ditto. 
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ICRA^l 
(J C. Ji'rDiit doore of large cupboard. 
D. Back door of ditto. 
E. Door of ditto, 
F. Door of the thigh. 
G G. The drawer. 
' H. Machinery in front of the Bmall cupboard. 
I. Screen behind the machinery. 
K. Opening caused by the removal of part of the floor 
of the small cupboard. 

L. A bos which serves to conceal on opening in the 
floor of the large cupboard, made to facilitate the first 
^^^ position ; aud which also eervea as a seat for the third 
^^^_ positioo. 

^^^H , M. A aimiloT bos to receive the toes of the player in 
^^^B the first position. 

^^^B N. The iuner clioBt filling up part of the trunk. 
^^^H O. The apace behind the drawer. 
^^^V V Q. The false back turning on a joint at Q. 
^^^^ E. Part of the partition formed of cloth Btretched tight, 
which ia carried up by the false bock to form the opening 
bet neon the chambers. 

9. The opening between the chambers. 
T. The opeoing connecting the trunk and chest, which 
IB partly concealed by the fako back. 

tJ. Panel which is slipt aeide to admit the player, 
Yarious pieces of mechanism of wonderful ingenuity 
have been constructed for the purposes of drattTug and 
writing. One of these, invented by M. Le Droz, tho eou 
of the celebrated Droz of Chaux le Fonds, has been de- 
scribed by Mr. Collinson. The tiguro wastbo size of life. 
It held in its hand a metallic stylo, and when a spring was 
touched, HO OB to release a detent, the figure immediately 
began to draw upon a card of Dutch vellum previously 
laid mider its hand. After the drawing was executed on 
the first card, the figure rested. Other flvo cards were 
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then pat in in saccesdon, and upon these it deHneated in 
the game manner diffeicnt subjects. On the tint card it 
drew •' elegant portraita, and likenesses of the king and 
i^neen facing each other;" and Mr. Collinson remark^ 
that it trae cnriona to obserre nitfa vhat precision the 
lignre litied np its pencil in its transition from one point 
of the drawing to another without making the sL'ghtest 
mistake. 

M. Maillordet has exccntcd an aatomaton whi<A both 
writes and drawB. The fignm of a boj kneeling on oma 
knee holds a pencil in hie hand- When the figure begins 
to work, an attendant ilips the pencil in ink. and adjasts 
the drawing-paper open a braas tablet. Upon tombing a 
spring, the fignre proceeds to write, and when the line is 
finished its hand retnma to dot and Etroke the letters 
when necessary. In this manner it esecntea fuor beanti- 
fdl pieces of writing in French and English, and three 
laodecapes, all of which occnpy abont one hour. 

One of the meet popular pieces of nechaniat which we 
have seen is the magician constructed by M. Maillardet 
for the purpose of answering certain given (questions. A 
figore, dressed like a magician, appeals geated at the 
bottom of a wall, holding a wand in one hand and a book 
in the other. A uomber of qnestions ready prepared are 
inscribed on oval medallions, and the spectator takes any 
of these which be chooses, and to which he wishes an 
answer ; and having placed it in a drawer ready to receire 
it, the drawer shuts with a spring till the answer is retnmed. 
The magician then rises from his seat, bows his head, 
describes circles with his wand, and, consulting the book 
as if in deep thought, he lifts it toward bis face. Having 
thus appeared to ponder over the proposed question, he 
raises bis wand, and striking with it the wall above his 
bead, two folding-doors fly open, and display an appropri- 
ate answer to the qnestion. The diiots again close, the 
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magician roBumcs his original position, and the di-awer 
opens to return the medallion. There are twenty of theae 
medallions, all eontaining diftferent questions, to which 
tliB magiciiin. returns the most suitable and etrikiug 
uuswers. The medallions are thin pl&tes of hraes of an 
elliptical form, exactly Tosembliiig each other. Some of 
the medallionB have n question inscribed on each side, 
both of which the mogiciau answers in succession. If the 
drawer is shut without a medallion being pnt into it, the 
magician rises, consults his book, shakes his head, and re- 
sumes his seat. Tho folding-doors remain shut, and the 
drawer is rctuincd empty, I£ two medallions are put into 
the drawer together, an answer is returned only to the lowei' 
one. When the machinery is wound up, the movements 
continue about an hour, dni'ing which time about fifty ques- 
tions may be answered. The inventor stated, tiiat tho 
means by which the different medallions acted upon the 
maohinery, so as to produce the proper answers to the 
questions which they contained, were extremely simple.* 

The same ingenious artist has constructed various other 
automata representing insects and other animals. One of 
these was a spider outlrely made of steel, which exhibited 
all the movements of the animal. It ran on the surface of 
a table during three minutes, and to prevent it from run- 
ning off, its course always tended towards the centre of the 
table. He constructed likowiso a caterpillar, a lizard, 
a mouse, and a serpent. The serpent crawls about iu 
every direction, opens its mouth, hisses and darts out its 
tougue. 

lugcniouB and beautiful as all these pieces of mechanism 
are, and surprising as thcu' eSecte appear eveu to scientific 
spectators, the principal object of their iuventors was to 
astonish and amuse the public. We should form an 

" 8i'(! Ilic! Edinburijli Eii'.yehp:edia, Ait, Asoroidbs, V(d. ii. 
p.Cli. 
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erronconB jodgmcat, however, if we supposed that this was 
tlie only result of the ingcmiity which they displayed. The 
passion for automatic exhibitions which charactenBed the 
eighteenth centnry gave rise to the most ingeniooB mechnni- 
cal devices, and introduced among the higher orders of 
artists habits of nice and accurate execation in the formation 
of the most delicate pieces of machinery. The some combi- 
nafion of the mechanical powers which mode the spider 
ciawl, or which waved the tiny rod of the magician, con- 
tributed in future years to parposea of higher import. 
Those wheels and pinions, which almost eluded our senses 
by their minuteness, reappeared in the stupendous 
mechanism of onr spinning-machines and our steam- 
engines. The elements of the tumbling puppet were 
revived in the chronometer, which now conducts our navy 
through the ocean; and tho shapeless wheel which 
directed the hand of the drawing automaton has served in 
the present ago to guide tho movements of tho tambouring 
engine. Those mechanical wonders which in one century 
enriched oiJy the conjurer who used them, contributed in 
another to augment the wealth of the nation ; and those 
automatic toys which once amused the vulgar, are now 
employed in extending the power and promoting the 
civilization of onr species. In whatever way, indeed, the 
power of genius may invent or combine, and to whatever 
low or even ludicrous purposes that invention or combina- 
tion may be originally applied, society receives a gift 
which it can never lose; and though the value of the 
seed may not he at once rcci^nized. and though it may lie 
long unproductive in the ungenial till of human knowledge, 
it will some time or other evolve its germ, and yield to 
mankind its natural and abundant harvest. 

Did the limits of so popular a volmne as this ought to 
bo permit it, I should have proceeded to give a general 
description of i^omc of these oxtraordir.nry pieces of 
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machinery, tlie conBteuction and effects of which nevei- 
^mI to strike the spectator with surprise. This, however, 
would lead me into (i field too estenBiTe, and I shall 
therefore confine myself to a. notice of three very remark- 
able pieces of mechanism which are at present very little 
Itnowii to the general reader, tiz., the tnmbouring machino 
of Mr. Duncan, the statue-turning machine of Mr. Watt, 
and the calculating machinery of Mr. Bahbago. 

The tambouring of muslins, or the art of producing 
iqion them oraamental fiowers and figares, has been long 
known and practised in Britain, na well as in other 
coimtries ; but it was not long before the year 1790 that 
it became an ohject of general manufacture in the west of 
Scotland, where it was chiefly carried on. At first it was 
under the direction of foreigners ; but their aid was not 
long necessary, and it speedily extended to auch a degree 
M to occupy, either wholly or partially, mora than 20,000 
females. Many of these labonrors liyed in the neighbour- 
hood of Glasgow, which was the chief seat of the manofoc- 
ture; hut otliers were scattered through every part of 
Scotland, and Bupplied by agents with work and money. 
In Glasgow, a tambourer of ordinary skill could not in 
general earn more than five or sis shillings a week by 
constant application ; hut to a labom-ing artisan, who had 
several daughters, even these low wi^es formed a source 
of great wealth. At the age of five years, a child capable 
of handling a needle was devoted to tambouiiug, even 
though it could not earn more than a shilling or two in a 
week; and the consequence of this was, that female 
children were taken from school, and rendered totally 
I- anfit for any social or domestic duty. The tambouring 
population was therefore of the worst kind, and it must 
have been regarded as a blessing rather than as a calamity, 
wheu the work which thoy performed was entrusted to 
regular machinery. 



Mr. John Doncan of Qlasgow, the inventor of the 
ttuaboormg machinery, was one of those unfortiaisto 
individiuls who benefit their spedes without boiefiting 
tlumiBelveB, and who died in the meridian of life the 
victim of poverty and of national ingratitode. Ho con- 
ceived the idea of bringing into action a great number of 
needles at the same time, in order to shorten the process 
bj tnnnnal labour, bnt he at first was perplexed abont the 
diversification of the pattern. This difficulty, however, he 
soon surmonntcd by employing tn-o forces at right angles 
to each other, which gave Mm a new force in the direction 
uf the diagonal of the parallelogram, whose sides were 
formed by the original forces. His first machine was 
very imperfect; but after two years' study ho formed a 
company, at whose expense six improved machines were 
pnt in action, and who secured the invention by a patent. 
At this time the idea of rendering the machine automatic 
had scarcely occnrred to him ; bnt he afternaids suc- 
ceeded in accomplishing this great object, and the tam- 
bouring maehines were placed under the sorveillance of a 
steam-engine. Another patent was taken for these 
improvements. The reader who desires to have a minute 
account of these improvements, and of the various parts of 
the machinery, will be amply gratified by perusing the 
inventor's own aceonnt of the machinery in the article 
Chaihwobe in the Edinbuigh Eneycloptedia. At present 
it will be sufficient to state, that the muslin to be tam- 
bom'ed was suspended vertically in a frame, which was 
capable of being moved both in a vertical and a horizontal 
direction. Sixty or more needles lying horizontal occu- 
pied a fi'ome in front of the muslin web. Each of these 
working-needles, as they are called, was attended by a 
feeding-needle, which by a circular motion round the 
working-needle lodged upon the stem of the latter the loop 
of the thread. The sisty needles then penetrated the web, 
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and iu order that theymiglit retiuu aguiu without isjoriug 
the fabric, the barb or ejn of the needle, which resembled 
the barb of a luihing hook, uos Bhnt by a slider. The 
mnaliti web then took a new poBitiou by means of the 
machinery that gave it its horizontal and vertical motion, 
60 that the sixty needlea penetrated it, at their next move- 
ment, at another point of the figure or flower. This 
operation went on till siity flowers were completed. The 
web was then slightly wound up, that the needles might 
he opposite that port of it on which they were to work 
another row of flowers. 

The flowers were geuei'olly at an inch distance, and tho 
rows were placed so that the flowers formed what aro 
called diamonds. There were seventy-two rows of flowers 
iu a yard, so that iu every square yard there were nearly 
■iOOO flowers, and in every piece of ton yards long 40,000. 
Tho number of loops or stitches in a. flower varied with 
the pattern, but on an average there was about thirty. 
Hence the number of stitches in a yard was 120,000, and 
the number iu a piece was 1,200,000. The average work 
done in a week by one machine was fifteen yards, or 
eO,000 flowers, or 1.800,000 stitches, and by comparing 
this with the work done by one person with tho hand, it 
appeared that the machine enabled one person to do tho 
work of twenty-four perKons. 

One of tho most curious and important appliuatione of 
machinery to the arts which has been suggested in modem 
times was mode by the latu Mr. Watt, in the construction 
of a machine tor copying or reducing statues and sculp- 
ture of all kinds. The art of multiplying busts and 
statues, by casts in plaster of Paris, has been tho means 
of difFusing a knowledge of this branch of the fine arts ; 
but from tho fragile nature of the material, the copies 
thus produced were unfit for ciposurc to the weather, and 
therefore ill calciilatetl for ornamenting public buildings, 
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•■[ tx perpetofttiDg tbc toemoiy of public acbierementB. 
A nucfaine, tLerefote, which ia capable of nutUipljiiig 
the laboan of the sculptor in the durable materials of 
marble or of brass was a desideratniii of the highest value, 
and one which could bare been eipectiil only from a 
gemoa of the first order. During manj years Mr. Watt 
carried on hia laboun in secret, and he conce&led eren his 
intention of coustmcting Buch a machine. After be had 
made considerable progress in its exccntion, and had 
thought of Bccoring his invention hj a patent, he learned 
that an ingeuioos individaal in bis own neighboorbood 
had been long occnpied in the same porsoit ; and Mr. 
Watt informed me, that he had every reason to believe 
that this gentleman was entirely ignorant of hia labonts. 
A proposal was then mode that the two inventois should 
combine tbeir talents, and secure the privilege by a joint 
patent; but Mr. Watt bod experienced so frequently the 
£ital operation of onr patent laws, that he saw many diffi- 
cnlticfl in the way of sncb on arrangement, and he was 
unwilling, at his advanced age, to embark in a project so 
extensive, and which seemed to require for its successful 
prosecution all the ardour and ambition of a youthful 
mind. Tbo scheme was therefore abandoned ; and such 
is the uafortmiate operation of our patent lawa. that the 
circumstance of two individuals having mode the same 
invention has prevented both from bringing it to perfec- 
tion, and conferring a great practical benefit upon their 
Bpecies, The machine which Mr. Watt had constructed 
had actually executed some excellent pieces of work. I 
have seen in his house at Henthtield copies of basso 
relievos, and complete statues of a small size ; and some 
of bis friends have in tbeir possession other Bpccimens of 
its performance. 

Of all the macbinea which have been coiiKtructed in 
modern times, the calculating machine is duubtlesa tbo 
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most cxtrooi'd.ijiai'j'. Pieces of meclianism for perform- 
ing particular ai'ithmetital operotiona have been long ago 
constructed, but these bear no compftrison either in 
ingenuity or in magnitndo to the grand design conceived 
and ncai'ly executed hyMi'. Babhage. Great as the power 
of mechttnisra is known to bo, yet we venture to say that 
many of the most intelligent of our readers will scarcely 
admit it to be possible that astrononiical and navigation 
tables can bo accurately computed by nmohinery ; that 
the machine can itself correct the errors which it may 
commit ; and that the results of its cftlculations, when 
absolutely free from error, can be printed off, without the 
aid of human hands, or the operation of human intelli- 
gence. All this, however, Mr, Babbago's machine can do ; 
and as I have hod the advantage of seeing it actually 
calculate, and of studying its construction with Mr. 
Babbagc himself, I am ablo to make the above statement 
on personal obBeivation. The calculating machine now 
constructing under tho superintendence of the inventor 
has been executed at tho expense of the British Govern- 
ment, and is of conrso their property. It consists easen- 
tially of two ports, a calculating part, and a printing part, 
both of which are necessary to the fulfilment of Mr. 
Babbage's views, for tho whole advantage would be lost 
if the computations made by the machine were copied by 
human hands and transferred to types by tho common 
process. The greater part of tho ealcuiating machinery 
is already constructed, and exhibits workmanship of such 
extraordinary skill and beauty that nothing iippriiiu:! ing 
to it has been witnessed. In order to execute it, parti- 
oidarly those parts of tho apparatus which are dissimilot 
to any used in ordinary mechanical censtrnetionB, tools 
and machinery of great oipense and complexity have been 
invented and constructed ; and in many instances contriv- 
ftnoes of singular ingenuity hayo been resorted to, which 
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uuiuot &,}l to pi'OTO extensively nseful in various lirauches 
of the mocbanical arte. 

The drawings of this m&chinery, which form a hirge 
part of tho work, and on which all the contrivance has 
been bestowed, and all tho ulteratinns nwde, coyer upwardH 
of 400 tquare feet of mirface, and are executed with ex- 
traordinary care and precision. 

In 80 complex a piece of mechanism, in which inter- 
rupted motions are propi^ted eimtdtaneously along a 
great variety of trains of mechanism, it might have been 
supposed that obstmctions wonld arise, or even incompn- 
tibjlities occnr, from the impracticability of foreseeing all 
the possible combinations of the parts ; but this doubt has 
been entirely removed, by the constant employment of a. 
system of mechanical notation invented by Mr. Babbagc, 
which places distinctly in view, at every instant, the pro- 
gress of motion through all tho parte of this or any other 
machine, and by writing down in tables the times reqnired 
for all the movements, this method renders it easy to 
avoid all risk of two opposite actions arriving at the same 
instant at any part of the engine. 

In the printing part of the machine less progress has 
been made in the actual esccntion than in the calculating 
part. The cause of this is the greater difficulty of its 
contrivance, not for transferring the computations from 
the calculating part to tho copper or other plale destined 
to receive it, but for giving to tho plate itself that number 
and variety of movements which the forms adopted in 
printed tables may call for in practice. 

The practical object of the calculating engine is to 
oompitte and print a great variety and extent of astronomi- 
cal and navigation tables, which could not bo done with- 
out enormous intellectual and manual labour, and which, 
even if executed by such labom', could not be calenlated 
with the requisite accaracy. Mathematicians, astronomers, 
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igators d'j not Fei^uire to bo infoiincd of the real 
Tsiao of Bnch tables ; but it may be proper to state, for 
the information of others, that secenfeert lai-ge fulto 
TolaineB of logarithmic tahles alone wore calculated ab an 
enormous expense hy the French Government ; and that 
tho British GoTemment regarded these tables to be of 
Buch national valuG that they proposed to the French 
Board of Longitude to print an abridgmenl of them at the 
joint expenitc of the two nations, and offered to advance 
5000^ for that purpose. Besides logarithmic tables, Mr. 
Babbage's machine will calculate tables of the powers and 
products of numbers, and all astronomical tables for 
determining tho positions of the sun, moon, and planets ; 
and the same mechanical principles have enabled him to 
integrate innumerable eijuations of finite differences ; that 
is, M-hen the equation of differences is given, he can, by 
setting an engine, ]iroduce at the end of a given time any 
distant term which may be required, or any Biiocession of 
terms commencing at a distant point, 

BeBides the cheapuesB and celerity with which this 
machine will perform its work, the oLgolate accaraey of tho 
printed results deserves especial notice. By peculiar 
contrivances, any small error produced by accidental dost, 
or bv any sliglit inaccuracy in one of the wheels, is cor- 
lected as soon as it is transmitted to the next, and thtti ja 
in such a manner as efTcctually to prevent any ac~ 
inlation of small errors &Dm producing an erroneous 
the result. 

In Older to convey some idea of this stupendous nnder- 
may mention the effects produced by a small 
trial engine constructed by tho inventor, and by which he 
computed thefollowing table from the formula x'-\-x-^^\, 
Tho figures as they were calculated by the machine were 
not exhibited to the eye as in sliding rules and similar 
isstnuneuts, but wei'o actually presented to tho eye on two 




oppoBitc sides of the machine ; the nombor 383, for example, 
appearing in fignres before the person employed ia 
copying. 

Tiible adculilKl h>j a rrnnU Trial Eagiut. 



797 


137S 


853 


1447 


911 


1523 


971 


1601 


10S3 


1681 


1097 


1763 


1163 


1847 


1231 


1933 



113 



317 



7-t3 



1301 



While tlie Tnochine was occupied in calculatisg this table, 
a friend of the iiiTeator niidcrt«ok to write down the 
nnmbers as they appeared. In eonseiinenoo of the copyist 
writing qnickly, he rather more than kept pace with the 
engine, but as soon as five figures appeared, the maehino 
was at least eqiml in speed to t!io writer. At another 
trial Ihirty-tico numbers of the same table were calcnlated 
in the space of tico minutes arid thirUj teconds, and as these 
contained eighiy-two figures, the engine produced thirty- 
three figures every minute, or more than one figure in 
every two seconds. On another occasion it produced 
foriy-fuur figures per minute. This rate of computation 
oould be maintained for any length of time ; and it is 
probable that few writers are able to copy with equal 
speed for many hourB together. 

Some of that class of individuals who envy all great 
men, and deny all great inventions, have igoorautly stated 
that Mr. fiabbage's invention is not new. The same 
persons, had it suited their purpose, would have maintained 
that the invention of spectacles waa an onticipatton of the 
telescope ; but even this is more true than the allegation, 
thid: the arithmetical machines of Pascal and others were 
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the types of Mr. Babbage's engine. The object of these 
machines was entirely different. Their highest functions 
were to perform the operations of common arithmetic. 
Mr. Babbage's engine, it is tme, can perform these opera- 
tions also, and can extract the roots of numbers, and 
approximate to the roots of equations, and even to their 
impossible roots. But this is not its object. Its 
function, in contradistinction to that of all other contriv- 
ances for calculating, is to embody in machinery the 
method of differences, which has never before been done ; 
and the effects which it is capable of producing, and the 
works which in the course of a few years we expect to see 
it execute, will place it at an infinite distance from all 
other efforts of mechanical genius.* 

* A popular account of this engine will be found in Mr. Babbege*e 
interesting volume On tk$ Ecowmy of Manufcuiures, 
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WoHiltm -if ehemldri/— Origin, prnyrfO. nad objeeti ofaldtiinig — AH 
of hrtaihing fire — Employed by liardiadiebiu, Euniu, 4e. — 
Mpdrra method —Art of teaUiiKg upon Imniiuj coali and w d hd 
iron, and o/ptangiiuj Viehaadi in meUedlead andboiliiig leater — 
Singular properltj of boiling tar — Wnrkmen plunge Otelr haudt 
in mdted cBpper^Trial of ordeal bs fire— Aldini'i inambiulibU 
anpUt nf IJuir teoadfr/ui pover in resiiliiig jfame — 
Poaer of breathing and enduring air of high tanperaturea — 
Experimaile mitdc ha Sir Joeeph Buakt, Sir Charlrt Blagilla, 
and Mr. Chantry. 

Tub Bcicncc of chemistry has frum ita infancy Iwcn pre- 
eminently the fldeaco of wonders. In her laboraturj the 
alchomiBt and the magician have revelled nncontrollod, 
and from hor treasures was forged the Eceptre which was 
BO long and so fatnUy wielded over human reason. Tho 
changes which take place in the bodies immediately 
around ua are too few in number and too remote from ob- 
servation to excite much of our notice ; but when tho snb- 
etanccs procured directly &om nature, or formed coBOallj 
by art, become objects of inTestigation, they eihibit in 
their simple or combined actions tlie most extraordinary 
effects. The phenomena which thoy display, and tho 
products wliieh thoy fonn, so little resemble those with 
which wo ara familiar, that tho most phlegmatic and the 
least speculative observer must have anticipated from them 
the creation of new and valuable compounds. It can 
scarcely, therefore, be a matter of surprise that minds of 
the highest order, and spirits of the loAiost ambition. 



Ehuuld Imve Bought in the ti'ansmutAtiona of cheinisiiy 
i conceived to be 



7Br his crucible in 
. into f^old ; the 
universal solvent 



for those splendid products which n 
most conducive to humra happiness. 

The disoiple of Mammon grew pale 
his ardour to convert the baaer meta 
philosopher pined in secret for i 
which might develop the elements of the precious stones, 
and yield to him the means of their production ; nnd the 
philanthropist aspired after a universal medicine, which 
might arrest disease in its course, and prolong indefinitely 
the life of man. To us who live under the meridiftu of 
knowledge, Buch expectations must appear as proBumptuous 
as they were delusive ; but when we consider that gold 
and silver were actually produced by chemical proeeasea 
from the rude ores of lead and copper; — that some of the 
most refractory bodies had yielded to the disintegrating 
and solvent powere of chemical agents; — and that the 
mercui'iul preparations of the Arabian physicians had 
operated liko chanoH in the cure of diseases that had 
resisted the feeble medicines of the times, wo may find 
some apology for the eitravagant expectations of the 
BlchemistB. 

An object of lofty pursuit, oven if it bo one of impossible 
attainment, is not unworthy of philosophical ambition. 
Though wo cannot scale the summit of the volcanic cone, 
wo may yet reach its heaving flauts, and though we can- 
not decompose its loftiest fires, we may yet study the lava 
which they have melted and the products which they have 
sublimed. In lite manner, though the philosopher's 
stone has not been found, chemistry has derived rich 
accessions from its search;— though the general solvent 
has net been obtained, yet the diamond and the gems 
have surrendered to science their adamantine strength ; — 
and though the elixir of life has never boon distilled, yet 
Qther medicines have soothed " the ills which flesh is heir 
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to," und prdlonged in no slight iepee the avenge 
of onr exietence. 

TbtU) far the pnisnits of the alchemist were honunrablo 
and necfol ; hot trbcn his calling was followed, 
fiOOD WBB, by men prodigal of fortnnc aud of cboiaeter, 
seience became an instrument of crime ; eecrets nnsttaiaed 
were bartered for tbe gold of the credulons and the igno- 
rant, and books innumerable were composed to teacb these 
pretended secrete to the world. An intellectual reaction, 
howerer, soon took place, and those very princes who had 
songht to fill their exhausted treasaries at the fnmace of 
the chemiEt, were tbc first to enact laws against the &aads 
which they had encouraged, and to dispel the illusionH 
which had so long deceived their eabjects. 

But even when the mural atmosphere of Enropc was 
thus disinfected, chemiHtry supplied the magician with his 
most lucrative wonders, and those who could no longer 
delnde the public with dreams of wealth and longevity, 
now sought to amuse and astonish them by the exhibition 
of their skill. The narrow limits of this volume will not 
permit ton to give even a general view of those citra- 
ordinary effects which tliis popular science can display. 
I must therefore select from its inexhaustible stores those 
topics which are most striking in their resultE!, and most 
popular iu their details. 

One of the most ancient featg of magic was the art of 
breathing flame — an art which even now escites the asto- 
uishmctit of the vulgar. During the iusucrection of the 
slaves in Sicily in tlio second century before Christ, a 
Syrian named Eunus acquired by his knowledge the rank 
of their leader. In order to OBtablisb his influence over 
their minda, he pretended to poGscss miraculous power. 
When ho wished to inspire hie followera with courage, bo 
breathed flnmes or sparks among them from bis mouth, at 
the Bame time that he was rouging them by bis 
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St. Jerome informg us, Qi&t tlie Babbi BarcKocLcbEig, who 
headed tbe Jews iu tbeii last revolt ngainst Hadi'iai], nutdo 
them bclieTe that ho was tho Messiah, by Tomiting fiames 
from hia month ; and at a later period, the Emperor Coii- 
stantias was tlirown into a state of alarm when Valentinian 
informed him that he had seen one of the body guards 
breathing ont fire and flamos. We are not acquainted 
with tho esact methods by which these effects were pro- 
duced ; but FloruB informs us, that Eunus filled a per- 
forated nnt-ahell with sulphur and fire, and having con- 
cealed it in hie mouth, he breathed gently through it 
while ho was speaking. This art Ib performed more 
simply by the modem juggler. Having rolled together 
some fiaz or hemp, so as to form a ball tho size of a 
walnut, he sets it on fire, and allows it to bum till it is 
nearly consumed : ho then rolls round it while bm^ning 
some additional flas, and by these means the fii'e may lie 
retained in it for a coasidorablo time. At the commence- 
ment of his exhibition ho introduces tho ball into bis 
month, and while he breathe through it the fire is revived, 
and a number of burning eparka are projected from his 
mouth. These sparks are too feeble to do any harm, pro- 
vided Le inhales the air tlu-ongh his nostails. 

The kindred art of walking on burning coals or red- 
hot iron belongs to the same antiquity. The priestosses 
of Diana at Castabala in Cappadocia were accustomed, 
according to Stiabo, to walk over burning coals ; and at 
tho annual festival, which was held in the temple of 
Apollo on Mount Soracte in Etmria, tho Hirpi marched 
over burning coals, and on this account they wei-o exempted 
from military service, and received other privileges ftom 
tho Roman Senate. This power of resisting fire was 
afioribed even by Varro to tho use of Rome liniment with 
which they anointed the soles of their feet. 

Of the some character was the art of holding red-hot 
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iron ill tlio bauds or between the teetL, and of plunging 
tlio hands into lioiling water or melted lead. About the 
dose of the eevcnteenth ceiitmy, aa Englishman of the 
name of Eichardfon rendered himself famoua by chewing 
burning coals, pouring melted load upon his tongue, and 
swallowing melted glass. That these effects are produced 
partly by deception, and partly by a previous preparation 
of the parts subjecfod to the heat, can scarcely admit of a 
douht. The fusible metal, composed of mercury, tin, and 
biamnth, which melts at a low temperature, might eaaily 
have been substituted in place of lead ; and fluids of easy 
ebullition may have been used in place of boiling water. 
A solution of spermaceti or sulphuric ether, tinged with 
alkanet root, which becomes solid at 50° of Fahrenheit, 
and melts and boil^ with the heat of the hand, is supposed 
to be the substance which is used at !Naples when the 
dried blood of St, Januaiius melts spontaneously, and 
boilfl over the vessel which contains it. 

But even when the fluid requires a high temperature to 
boil, it may have other properties, which enable us to 
plunge our hands into it with impunity. This is the case 
with boiling tar, which hoils at a temperature of 220°, 
even higher than that of water. Mr, Davenport informs 
tlB, that he saw one of the workmen in the King's Dock- 
yard at Chatham immerse his naked hand in tai- of that 
temperatm'c. He drew up his coat sleeves, dipped in his 
hand and wrist, bringing out fluid tar, and pouring it ofi 
from his hand as Irom a ladle. The tai- remained is com- 
plete contact with his skin, and he wiped it off with tow. 
Convinced that there was no deception in this experiment, 
Mr. Davenport immersed the entire length of his fore- 
finger in the boiling cauldron, and moved it about a short 
time before the heat became inconvenient, Mr, Daven- 
port ascribes this singular effect to tho slowness with 
which the tar commuuieates its heat, which he conceives 
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to urise i'l'um tho abundant volatile vapour which is 
evolved " carryiog off rapidly the caloric iii a latent state, 
and intetvening between the tai and the skin, so as to 
prevent the more rapid communication of heat." Ho con 
ceivea also, that when the hand is withdrawn, and the hot 
tar adhering to it, the iiipidity with which this vapour is 
evolved from the surface eipoaed to the air cools it im- 
mediately. The workmen informed Mr. Davenport, that, 
if a person put his hand into the canldron with his glove 
on, ho would be dreadfully burnt, but this extraordinary 
result was not put to the test of observation. 

But though the conjurers with fire may have availed 
themselves of these singular properties of individual 
bodies, yet the general secret of their art consisted in 
rendering the skin of the exposed parts callous and in- 
sensible to heat— an eficct which may be produced by 
continually compressing or singeing them till the skin 
acquires a homy consistence. A proof of this opinion is 
mentioned by Eockmann, who assures us that in September, 
1765, when he visited the copper^works at Awestad, one 
of the workmen, bribed by a little money to drink, took 
some of the melted copper in his hand, and after showing 
it to the company, throw it against a wall. He then 
squeezed the fingers of his horny hand olose to each other, 
held it a few minutes under his anu-pit to make it perspire, 
as he said, and taking it again out, drew it over a ladle 
filled with melted copper, some of which 1: 
and moved his hand backwards and forwards very qniokly 
by way of ostentation. During this performance M, 
Bcckmann noticed a smell tike that of singed horn or 
leather, though the hand of the workman was not burned. 
This callosity of the skin may be effected by frequently 
moistening it with dilute sulphuric acid. Some allege 
that the juices of certain plants produce the some effect, 
while others recommend the frequent nibbing of the skin 
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with oU. The receipt given bj Albertos HUgniis f^r Uu£ 
porpCMe was of b different catttre. It consisted of a ooie- 
condaciing calcareous paste, nHcii was made to adhere to 
the skiit bj the sap of the marsh'-mallow, the slimr seeds 
of the fleii-baute, acd the white of an <'gg. 

As the ancients were acqaainted with the incombas- 
tibility of oabestoa or amianthus, and the act ot weariog 
it into cloth, it is hi^ljr probable that it was employed 
in the performance of some cf their miraclee, and h is 
eqnallj probable that it was eabseqnentlj osed, almig 
with some of the pracesBes already described, in aiaUing 
the rictinw of superstition to midergo without hazard Ae 
trial of ordeal l^ fire. In evet; comitry where this bor- 
barons oeage prevailed, whether in the Eonetnary of the 
Christian idolater, or in the pagan temple of the Bramin, 
or under the wild orgies of the African savage, Froridence 
seema to have provided the means of meeting it with ijo- 
panity. In Catholic coontries this exculpatory judgment 
was granted chiefly to persons in weak health, who were 
incapable of using amie, and ptirticularly to monks and 
ecclesiastics who conld not avail themselves of the trial 
by single combat. The fire ordeal was condiicted in the 
church under the inspection of the clergy : maSB was at 
the same time celebrated, and the iron and the victim!! 
were consecrated by the sprinkling of holy water. The 
preparatory steps were also under the direction of the 
priests. It was necessary that the accused should be 
placed three days and three nights nnder their care, both 
before and after the trial. Under the pretence of prevent- 
ing the defendant from preparing his hands by art, and 
in order to ascertain the result of Ibe ordeal, his hands 
were covered np and sealed during the three days which 
preceded and fallowed the fiery application ; and it has 
been plausibly conjectured by Beckmann, that during the 
firet three days the preventative was applied to thosa 
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rhom they nished to acquit, anil that the last three days 
irere rei^uisito to bring back the bonds to thetr natural 
condition. In these and other cases, the accueed could 
not have availed himBelf directly of the use of asbcBtoB 
gloves, nulesy we could Buppoee them bo mode as to 
imitate the human skin at a distance ; but the fibres ot 
that mineral may have been imbedded in a paste which 
applied itself readily to all the elcvatious and depressionH 
of the skin. 

In our own times the art of defending the bands and 
face, and indeed the whole body, from the action of 
heated iron and intense fire, has been applied to the 
nobler purpose of saving human life, and rescuing pro- 
perty from the flames. The revival and the improvement 
of this art we owe to the benevolence and the ingenuity of 
the Chevalier Aldini of Milan, who has travelled thi'ough 
all Euroire to present this valuable gift to Lis spociea. 
Sir H. Davy had long ago shown that a safety lamp for 
illuminating mines, containing inflammable air, might be 
constracted of wire-gauzo alone, which prevented the 
flame within, however large or intense, from setting fire to 
the inflammable air without. This valuable property, 
which has been long in practical use, he ascribed to the 
conducting and radiating power of the wiro-gauze, which 
carried off the heat of the flame, and deprived it of its 
power. The Chevalier Aldini conceived the idea of apply- 
ing the same material in combination witli other badly- 
conducting substanccB, as a protection against fire. Tho 
incombustible pieces of dress which he uses for the body, 
prms, and lugB, aro formed out of strong cloth, which has 
l:een steeped in a solution of alum, while those for tho 
bead, hands, and feet, aro made of cloth of aBhestos or 
amianthus. The liead-dress is a large cap which cnve- 
li ps the whole head down to the neck, having suitable 
ptrforationB for the eyes, nose, and mouth. The atockings 
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and cap are iiugle, but the gloves are made of double 
smiaDthus clatb, to enable the fiTcman to take into big 
baud biu'ning or red-bot bodies. Tbe piece of ancient 
asbestoe clotb preserved in the Vatican was formed, we 
belieYB, by mixing the aebestos with other fibrous aub- 
stanees ; but M. Aldini has executed a piece of nearly the 
some size, nine feet five inches long, and five feet three 
inches wide, which is much stronger than the ancient 
piece, and poeaesses superior quolitios, ia consequence of 
having been woven without the introduction of any 
foreign substanee. In this manufacture the fibres are 
prevented from breaking by the action of stcitm, the cloth 
is made loose in its fabric, and the threads are about the 
fiftieth of an inch in diametor. 

The metallic di'ess which is BUpei'added to these means 
of defence conBista of five principal pieces, viz., acasqiie or 
cap, with a mask large enough to leave a proper ejiace 
between it and the asbestos cap ; a cuirasa with its brasB- 
eta ; a piece of armour for the trunlc and thighs ; a pair of 
boota of double wire-gauze ; and an oval shield five feet 
long by 2^ wide, made by stretching the wire^auze over 
a slender framo of iron. All theae piecea are made of 
iron wire-gauzo, having tho interval between its threads 
the twenty-fifth part of an inch. 

In order to prove the efficacy of this apparatus, and 
inspire tho firemon with coufidence in its protection, be 
showed them that a finger first enveloped in aabestos, and 
then in a double case of wire-gauze, might bo held a long 
time In the flame of a spirit-lamp or candle before the 
heat became inconvenient. A fireman having his hand 
within a double aabeatos glove, and its palm protected by 
tt piece of Bsbeatoa cloth, seized with impunity a large 
piece of red-hot iron, carried it delibei'atcly to the distance 
of 150 feet, inflamed iiti'aw with it, and brought it back 
again to the furnace. On other occasions, the firemon 
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hiuiiilod blazing wood aud bui'umg substances, a,ni walked 
during fivo minutes upon an iron grating placed ovor 
flaming faggots. 

In order to show how tbo Lead, eyes, aad lunge, ore 
protected, tbo fireman put on tbo aabostoB and wire-gauze 
cap, and tbo cuiroGs, and held the shield before his breast. 
A fire of Ebavinge was then lighted, and kept burning in a 
large raised chafing-disb, and the fireman plunged his 
head into the middle of tbo fiames with bis face to the 
fuel, and in that poeitiou went Ecvcral times round the 




chafing-dish for a pen id longer than a iniuute. In a 
subsequent trial at Pans a fireman placeil bis bead in the 
middle (f a largo brasier hlled with flammg hay and 
nood as m Fig 72 and resisted the action of the fire 
during fivo < r six minutes and oven ton nimutiis 

In the experiments \^hl(ll wore mode at Paris in the 
presence of n committee of the Academy of Bciencee, two 
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pM^Tkl rows of straiv and broshirood. supported bj iioi 
ymt*, were formed at the distance of cliree feet frran 
each other, and extended thirty feet in loigth. When 
thia comboatible masa irae set on fire, it trae neceesaiy to 
stand at the distance of eight or ten yards to aroid tha 
heat. Tho fiamee from both the ron% seemed to fill ap 
tho whole space between them, and rose to the height of 
nine or ten feel. At this moment sis firemen, clothed in 
the incombnstible dresses, and marching at a slow pace 
behind each other, repeatedly passed through the whole 
length between the two rows of flame, which were con- 
stantly fed with additional combustibles. One of the 
firemen carried on hie back a child eight years old 
in a wicker basket covered with metallic gauze, and the 
child had no other dress than a cap made of amianthiue 
cloth. 

In February, 1829, a still more striking espcriment was 
made in tho yard of the barraekg of St. Gervais. Two 
towers were erected two stories high, and were surrounded 
with heaps of inflamed materials, consisting of fiiggots and 
straw. The firemen brayed tho danger with impunity. In 
opposition to the advice of M. Aldini, one of them, with 
the basket and child, rushed into a narrow place, whero 
the flames were raging eight yards high. The violence of 
the fire was so great that he could not be seen, while a 
thick black smoke spread around, thi-owing out a heat 
which was unsupportable by the spectators. The fireman 
remained bo long invisible that serious doubts were 
entertained of hia safety. He at length, however, issued 
from the fiery gulf uniujiu^, and proud of having suc- 
ceeded in braving so great a danger. 

It iH a remarkable result of these experiments, that tho 
firemen are ablo to breathe without difficulty in the 
middle of the flames. This efiect is owing not only to 
t being intetcopled by the wire gn 
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to the lungs, in conBequencc of #Mch its toiuporaturc 
becomee snpportable, but also to tho Hinguli^r ^wor 
whicli the body posseeBOs of resiating great heats, and of 
breathing air of high temperatures . 

A series of curious experiments were made oa this Bub- 
ject by M. Tillet, in France, and by Dr. Fordyco and Sir 
Charles Blagden, in England. Sir' Joseph Banks, Dr. 
Solandor, and Sir Charles Blagdon, entered a room in 
which the air had a tem[>erature of 198^ Fahr. and ro- 
roained 1«n minutes ; but as the thermometer sunk very 
rapidly, they resolved to enter tho room singly. Dr. 
Bolander went in aluuo, and found the heat 210'. and Sir 
Joseph entered when tho heat was 211", Though exposed 
to such an elevated temperature, their bodies preserved 
their natural degree of heat. Whenever they breathed 
upon a thermometer it sunk several degrees : every 
oipiration, particularly if strongly made, gave a pleaeant 
impression of coolness to their nostrils, and tliolr cold 
breath cooled their fingers whenever it reached them. On 
touching his side, Su' Charles Bladen found it cold like 
a corpse, and yet the heat of his body under hia tongue 
was 98^. Hence they concluded that the human body 
possesses tho power of destroying a certain degree of 
boat when coniniuaicated with a certain degree of 
qnicknesa. This power, however, varies greatly iu differ- 
out media. Tho same person who experienced no incon- 
vouience from air heated to 211'', could juat bear rectified 
spirits of wine at 130°, cooling oil at 129^, cooling water 
at 123°, and cooling quicksilver at 117°. A familiar 
instance of this ocourrod in tho huated room. All tho 
pieces of raotal there, even their watch-chains, felt so hot, 
that tbcy could seareely bear to touch them for a moment, 
while tho air from which tho metal had derived all its 
licat was only unpleasant. MM. Duhamel and Tillof' 
observed at Bocbofoncault in France that tho girb' '"^a were 
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acenstomed to attend ovens in a batehouse were capftble 
of endaring for ten minutes u temperature of 270° 

The same gentlemen who performed the experiments 
above described vcntui'ed to expose thorasolvea to 
higher temperatures. Sir Charles Blagdcn went into 
room whore the heat wos 1^ or 2' above 260^, and re- 
mained, eight minutes in this situation, frequently walking 
about to all the different parts of the room, but standuig 
still most of the time in the coolest spot, where the heat 
was above 240^. 'ITie air, tliongh very hot, gave no pain, 
and Sir Charles and all the otLoi- gentlemen were of 
opinion that they could support a much greater heat. 
During seven minutes. Sir C. filagden's breatbiug con- 
tinued perfectly good, but after that time he felt an 
oppression in his lungs, with a sense of ansiety, which 
induced him to leave the room. His pulse was then 144, 
double its ordinai'y quickness. In order to prove that 
there was no mistake respecting the degree of heat indi- 
eated by the thermometer, and that the air which tliey 
breathed was capable of producing all the well-known 
effects of snob a heat on inanininte matter, thoy placol 
some eggs and a beef-steak upon a tin frame near the 
thermometer, but more distant from the furnace than from, 
the wall of the room. In the space of twenty minutes 
the egga were roasted quite hard, and ia forty-sevon 
minutes the steak was not only dressed, but almost dry. 
Another beef-steak, similarly placed, was rather overdone 
in thirty-three minutes. In the evening, when the heat 
was still more elevated, a third beef-steak was laid 
same place, and as tbcy had noticed that the effect of the 
hot air was greatly increased by putting it in motion, they 
blew upon the steak with a pair of bellows, and thus 
hastened the dressing of it to such a degree, that the 
greatest portion of it was found to bo pretty well done in 
thirteen minutes. 
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Oar distingoislied counti'yman, Mr. Chantry, has very 
recently exposed himself to a temperature still higher 
than any which we have mentioned. The furnace which 
he employs for drying his moulds is about 14 feet long, 
12 feet high, and. 12 feet broad. When it is raised to its 
highest temperature, with the doors closed, the thermo- 
meter stands at 350°, and the iron floor is red hot. The 
workmen often enter it at a temperature of 340°, walking 
over the iron floor with wooden clogs, which are of course 
charred on the surface. On one occasion Mr. Chantry, 
accompanied by flye or six of his Mends, entered the 
furnace, and, after remaining two minutes, they brought 
out a thermometer which stood at 320°. Some of the 
party experienced sharp pains in the tips of their ear^ 
and in the septum of the nose, while others felt a pain 
in their eyes. 
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Spaiibineoat romlaition — In the absorption of air by poiddemi 
eharoaa}. aiid of ki/drogeii hij tptmgij ptalinam — ' Ddbereinet'i 
lamp — Sponfaneoue conibaelioa in the bomeli of titt earth — 
Burning cliffi — Saming soU—ConJnatiou willioul Jiame— Spoil- 
Utneoiif comhastimt of liuman brinji— Couniera ZiHjjori — Grace 
FeU— Natural Jire Umpla of the Gutlree—Sponlaneoui fires in 
Hie Catpian Sea- Sprinijt of infiammable gai near Qlaegou — 
• Jfafiirol litiht-hauie of Maraeaj/bo — Nea daalia ftuidx in Iha 
canUUs of gemt—Chemiail operation going on in their eavitiet — 
ExpiosloHi jirodactd in them bn hfot — SemarliaUe ehauga of 
colour from diemical caveea — E,^ets of Oie nitraue oxide or 
paradise gas w/ien breaOad^Eemarlmble eases described — 

Among tlie wonderful phenomtaift whitli chemistry pre- 
eenta to us, there are few more remarkable than those of 
epontoaeous coinbUBtion, in which bodies, both animate 
and inonimato, emit flamoe, and are eometimes entirely 
consumed by internal fire. One of the commonest eiperi- 
ments ic chemistry is that of producing inflammation by 
mixing tivo fluids perfectly cold. Becker, we believe, was 
the first person nho discovered that this singular efiect 
was prodncod by laixing oil of vitrol with oil of turpen- 
tine. Borrichios showed tt^at aquafortis produced the 
same effect as oil of vitrol. Toumefort proved that qiirit 
of nitre and oil of sassafras took fire when mixed ; and 
Hombei^ discovered that the same property was possessed 
by many volatile oils when mixed with spirit of nitre. 

Every person is familiar with the phenomena of heat 
and oombustion produced by fermentation. Biclu of haj 
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Mid stacks of com havo bcon frequently conBumod by tliB 
heat generated during the fermentation produced from 
moisture ; ond gunpowder mngazinee, bams, and paper- 
mills have been often burnt by the fermentation of tbo 
materials which they contained. Galen informs us that 
; of a pigeon is enf^cient to sot fire to a house, 
and he asauiea us that he has often seen it take fire when 
it liod become rotten. Caaati likewise relates on good 
•nthority, that the fire which consumed the great church 
ef Pisa was occasioned by tho dung of pigeons that had 
fcr centuries bnilt their ncsta under its roof. 

Among tho aubstanees subject to spontaneous combus- 
tion, pulverized, or finely-powdered charcoal is one of the 
most remarkable. During the laat thirty years no fewer 
than four cases of the spontaneous infiammation of x>ow- 
dered charcoal haye tjiken place in France. When char- 
coal is triturated in tuns with bronze bruisers it is reduced 
into the state of the finest powder. In this condition it 
has the appearance of an unctuous fluid, and it occupieB a 
space three times less than it does in rods of about six 
inches long. In this state of extreme division it absorbs 
air much more readily than it does when in rods. This 
■bsorption, which is so slow as to require several days for 
ita completion, is accompanied with a disengagement of 
heat, which rises from 340^ to 360'' nearly of Fahrenheit, 
»nd which is the true cause of the spontoneous inflam- 
mation. The inflammation commences near the centre of 
the mass, at the depth of five or sis inches beneath its 
BOrface, and at this spot the temperature is always higher 
than at any other. Black charcoal strongly distilled 
heata and inflames more easily than the ornnge, or that 
which is little distilled, or than the charcoal made in 
boilers. The most inflammable charcoal must have a 
mass of at least 6U lbs. avoirdupois, ic order that it may 
kio susceptible of spontaneous inflammation. With tlie 
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other losB inflanimable vnriotics, tLo inflmnmatioii 
plaoe only m Inrger massee. 

The inflommntiou of powdered charcoal is more 
in proportion to the ahorlness of the interval between its 
oarbonizBition and triturntitin. The free admiBsion of air 
to the surfaeo of the charcoal is tdfio indispcnBftblo to its 
Bpontauooua oombuBtion. 

Colonel Aubci't, to whom we owe these interesting 
reaulte, likewiee found that when sulphirr and saltpetre 
are added to the charcoal, it loses its power of inflaming 
spontaneously. But as there is stUl an absorption of 
air and a generation of bent, be is of opinion that it would 
not he pmdent to leave these mistuies in too large masses 
after ti'ituration.* 

A species of spontaneous combustion, perfectly unalo- 
gouB to that now described, but produced almost instan- 
taneously, was discovered by Professor Dobereiner of 
Jena in 182i. He found that when a jet of hydrogen gas 
was thrown upon recently-prepared spongy platinum, the 
metal became almost instantly red hot, and set fire to the 
gas. In this case the minutely-divided platinum acted 
upon the hydrogen gas, in the same manner as the minutely- 
divided charcoal acted upon common air. Heat and com- 
bustion were produced by the absorption of both gases, 
though in the one case the effect was instantaneous, and in 
the other was the result of a prolonged absorption. 

This beautiful property of spongy platinum was happily 
applied to the construction of lamps for producing an 
instantaneons light. The form given to the lamp by 
Mr. Garden of London is shown in the annexed figure, 
where A B is a globe of glass, titting tightly into another 
glass globo C D by a ground sKoulder m n. The globe 
A B torminatfM in a hollow tapering neck m » o jj, on the 

• Soe EdinliuTgh Ja'imal 0/ Sdenix, fTow ScrieB, No, viii. p. 274, 
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■I end of whioli ia jiiawid a small cylinder of zinc o 
L brass tube ab e is fitted &t a into the neck of the globe I 
Ed D, and through this tabe, which is furnished with a f 
1 >top-cock (Z, the gna cna escape at the small aperture e, 
I A brass pin c /, cftrrjing a brass bos P, is made to slide I 
I flu-'ough a hole h, bo that the brass box P, in which tho 
I spongy platinum ie placed, can be set at any required 
f tUstanc* from the aperture c. If sulphuric acid diluted 

Fi;;;. 73. 




^With an equal quantity of water is now poured into the 
I veBsel A B by its mouth at S, now closed with a stopper, 
e fluid will descenil through the tube m nop, and if 'the 
|oock d is shut, it will eompreas the air contained in C D. 
9 dilute acid thua introduced into C D will act upon 
ing of zinc o p, and generate hydrogen gaa, which 
after the atmoapheric air in C D is let off, will gradually 
fill the vessel C B, the diluted acid being forced up tho 
tabe p m n, into tho glaes globe A B. The ring of ziuo 
op fioata on a piece of cork, bo that when D ia full of 
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hydrogcD, the diluted acid does not toucli the zincj and 
consequently is prevented from producing any more gas. 
The ijistant, however, that any gas is let off at c, the prea- 
Hure of the fluid in tho glohe A B, and tube m n o p, ovor- 
oomeB the elasticity of the remaining gas in C U, and 
forces the diluted acid up to the zinc o p, so as to enable 
it to produce more gas to supply what has boen used. 

The lamp being supplied with hydrogen in the manner 
now described, it is used in the following manner : The 
spongy platinum in P being brought near c, tho coct d 
is turned, and tho gas is thrown upon the platiniuu. An 
intense heat is immediately produced, the platinum be- 
oomes red hot, and the hydrogen inflames, A taper is 
then lighted at the flame, and the cock d is shut. Pro- 
fessor Cumraing of Cambridge found it necessary to cover 
np the platinum with a cap after every experiment. This 
ingenious chemiKt likewise found that, with platinum 
foil the 9000dth part of an inch thick kept in a close tube, 
the hydrogen was inflamed ; but when the foil was only the 
GOOOdth of an inch thiok, it was necessary to raise it 
previously to a red heat. 

Spontaneous combustion is a phenomenon which occurs 
very frequently, and often to a great extent, within the 
bowels of the earth. The heat by which it is occasioned 
is produced by the decomposition of mineral bodies, and 
other causes. This heat increases in intensity till it is 
capable of melting the solid materials which are exposed 
to it. Oases and aqueous vapours of powerful elasticity 
are genrated, new fluids of expansive energy imprisoned 
in cavities nnder great pressure ore set free, and these 
tremendous agents, acting under the repressing forces of 
the superincumbent strata, exhibit their power in desolat- 
ing earthquakes ; or, forcing their way through the super- 
ficial crust of the globe, they waste their fury in volcanic 
er.ption„. 



n 

18. I 



Ifa 



J 



I 



COliBDSTION WITHOUT FLAJUS. 365 

When the phenomena of spoutaneonE combuetioa taka 
place near tlio surface of the earth, its effects are of a lees 
dangerous character, though they fireijuently give birth to 
iwrmaaent conflagtationB, which no power am extinguish. 
An osantple of this mildeT species of spuntaneous cembus' 
tioD has been recently exhibited in the burning cliff at 
Weymouth; and a still more interesting one exists at this 
moment near the village of Bradley, in Staffordshire. 
The earth is here on fire, and this fire has continued for 
nearly sixty years, and has resiBted every attempt that has 
been made to extinguish it. This fire, which has reduced 
many acres of land to a mere calx, arises from a burning 
stratum of coal aboot four feet thick and eight or tea 
yards dopp, to which the air has free access, in conse- 
quence of the maiu coal having been dug from beneath it. 
The surface of the ground is sometimes covered for many 
yards nith such quantities of sulphur that it can be easily 
gathered. The calx has been found to be an excellent 
material for the roads, and the workmen who collect it 
often find large beds of alum of an excellent quality. 

A singular species of invisible combustion, or of com- 
imstion without flame, has been frequently noticed, 1 
have observed this phenomenon in the small green wax 
tapers in common use. When the flame is blown out, the 
wick will continue rod hot for many hours, and if the 
taper were regularly and carefully uncoiled, aud the room 
kept free from currents of air, the wick would bum on in 
this way till the whole of the taper was consumed. The 
same effects are not produced when the colour of the wax 
is red. In this experiment the wick, after the flame ia 
blown out, has sufficient heat to convert the wax into 
vapour, and this vapour, being consumed without flame, 
keeps the wick at its red heat. A very disagreeable 
-■Wpour is pi'oduced during this imperfect combustion of 
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P rofcsaoT I>obEmDec t^ Jea> dbstrt^ thmi vheB 
■Icobol in a qnrit of iniie lamp ne oobAj t^^ttmbA, 
wtck became arbonixed, and tbon^ tfaefltmediaagfKsred, 
the culxnuzed p^ of the wid Vf* red Iiot, and eon- 
tiimed ■•> while a dn^ of aleabcd lenMmed, and prarided 
the air in the room ms nndistoibsd. On one oermmm 
the wick continned red hot for tMKatj4aar homrB, and % 
VCT7 cUiBagree«bIe add Txpoiir ms fonned. 

On ihese principlee depend the /imp mAout flama 
which was originally constmcted by Mr. EUie. It is 
ahown in the annexed figure, where A B is the lamp, and 
k a cylindrical coil of platinnm wire, the hundredth put 
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of an inch in diameter. This spiral is so plttcetl that fonF 

or five of the twelve coile of which the cylinder consists 
arc npou t.ho wick, aad the other seven or eight fthove it. 
If the lamp is lighted, and continues burning till the 
oylindrical coil ia red hot, then if the flame is blown out, 
the vapour which arises from the alcohol will by its eom- 
bustion keep the coila abovo the wick red hot, aud this 
red heat will in its turn keep up the vaporisation of the 
alcohol till the whole of the alcohol is consumed. The: 
heat of the wire ia always sufQcient to kindle a piece of 
Gonnan fungus or saltpetre paper, so that a sulphur match 
may at any time he lightotl. Mr, Gill found that a wick 
oompoBod of twelve threads of the cotton yam commonly 
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nsed for lamps will require half on ounce of alcohol to 
keep the wire reil hot for eight hours. This lamp has 
been kept burning for sixty hours ; but it can scarcely be 
recommended for a bed-room, as an acid rnpauc is disen- 
gaged during the bumiag of the alcohol. When perfomes 
are diBsolvod in the alcohol, they are difiViaed through the 
apartment during tho slow combustion of the vapoui'. 

A species of comhnation \vithout flame, and analogous 
to that which has been described, ia exhibited i 
extraordinary phenomena of tho spontaneous combuatioa ( 
of living bodies. That animal bodies are liable 
internal oomhustion is a flict which was well known to the | 
Uicicnts. Many cases which have been adduced s 

iples of spontaneous combustion are merely cat 
individuals who were highly susceptible of strong electrical i 
excitation. In one of these cases, howevoi', Peter Bovistcaii I 
Asserts, that the sparks of fire thus prodnced reduced to I 
ashes the hair of a young man ; and John De Viai 
informs ua, that the wife of Dr. Freilas, physician to the 
Cardinal do Eoyas, Archbishop of Toledo, omitted by 
perspiration an inflammable matter of such a nature, that 
when the ribbon which she wore over her shift ^a 
&om her and exposed to the cold air, it instantly took £iej ^ 
and shot forth like grains of gunpowder. Peter Borelll m 
has recorded a fact of the very same kind respecting "iiJ 
peasant whose linen took fire, whether it was laid up ia 
box when wet, or hung up in tho open air. Tho sa: 
author speaks of a woman who, when at tho point of 1 
death, vomitod flames ; and Thomas Bartholin mentions 
this phenomenon as having often happened to persona 
who were great drinkers of wine or brandy, Ezekiel de j 
Castro mentions the singular caeo of AlesandrimiB Mege* ] 
tius, a physician, ieom one of whose vertehree there issued ^ 
a fire which scu'clicd the eyes of the beholders; and I 
KrnutziTia rolatoB, iljat during tho wars of Godfrey ofl 
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Boulogne, eertain people of tLo territory of Nivers 
bnnung with invisible fire, and that some of them cut 
a foot or a hand where tlie burning began, in order 
arrest the calamity. Nor have these effects been 
to man. In the time of the Koman consiils GracehuB and 
Juvcntius, a flame is eaid to have issued from the mouth 
of a bull without doing any injury to the animal. 

The reader will judge of the decree of credit which 
may belong to these narrations when he examines the 
cffeets of a similar kind which have taken place ia less 
fabulous ages, and nearer our own times. John Henry 
Cohausen informs us, that a Polish gentleman in the time 
of the Queen Bona Sforza, having drunk two dishes of a 
liquor called brandy-wine, vomited flames, and was burned 
by them, and Thomas Bartholin* thus describes a similar 
accident : " A poor woman at Paris used to driak spirit 
of wine plentifully for the space of three years, so aa to 
take nothing else. Her body contracted such a com- 
bustible disposition, that one night, when ehe lay down 
on a straw couch, she was all bui'ned to ashes except her 
skuU and the estremities of her fingers." John Christ 
Sturmiits informs us in the German Ephemeridcs, that in 
the northern countries of Europe flames often evaporate 
from the stomachs of those who are addicted to the 
drinking of strong liijuors; and he oilds, " that Keventeon 
ycai's before, three noblemen of Courland drank by 
emulation Btrong liquors, and two of them died soorcbed 
and Bnfibcated by a flame which issued from their 
Btomach." 

One of the most remarkable cases of spontouoouH 
combustion is that of the Coimtcss Cornelia Zangari and 
Bandi of Cesena, which has been minutely described by 
the Keverend Joseph Bianchini, a prebend in the city of 

* Acta Medka et PhUtnophica Saf«kne:a, 1G73 
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f 'Verona. This lady, who was in the eixty-Becond yeai- <rf 

r ^er age, retired to bed in her usunl health. 

[ spent Hbove three Iioure in femiliar conversation with her 

I maid and in saying her prayera ; and having at h»st fallen 

asleep, the door of her chamher was shut. As her maid 

IS not Biunmoned at the usual hoar, Ehe went into the 

;d-room to wake her mistress ; but receiving no answer 

e opened the window, and saw her corpse on the floor 

the most dreadful condition. At the distance of four 

I feet from the bed there was n heap of ashes. Her legs, 

I with the stockiiigB on, remained untouched, and the head, 

lalf-humed, lay between them. Nearly all the rest of 

1 the body was reduced to ashes. The aii- in the room was 

charged with floating Boot. A small oil lamp on the floor 

' was covered with ashes, but hod no oil in it; and in two 

oandlesticks, which stood upright upon a table, the cottoiL 

I Tick of both the candles was left, and the tallow of botk 

I h&d disappeared. The bed was not injured, and th» 

Uankets and sheets were raised on one side a^ if ft 

person had risen up from it. IVom an examination of all 

the circumstances of this case, it has been generally 

supposed that an internal combustion had taken place ; 

tiiat the lady had risen from her bed to cool herself, and 

that, in her way to open the window, the combustion had 

I overpowered her, and consumed her body by a process in 

which no flame was produced which could set fire to the 

fomituro or the floor. The Marquis Scipio Maffei was 

informed hy nn Italian nobleman wliu passed throu^ 

I Ceaena a few days after this event, that ho heard it stated 

in that town; thot the Coimtess Zangari was in the habit, 

when she felt herself indisposed, of wasliing all her body 

Vdth camphorated spirit of wine. 

o recently as 17ii a similai' example of spontaneoos 
1 oomhnstion occurred in our own country at Ipswich. A 
\^ fifiherman's wife of the name of Grace Pett, of the parish ^ 
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of St. Clements, had been in tlie habit for several years of 
going down stairs every night after she was hdlf-undressed 
to emoke a pipe. She did this on the evening of the Dtb 
of April, 1744, Her daughter, who lay in the same bed 
with her, had fallen asleep, and did not miss her mother 
till she awaked early in the morning. Upon dreesing 
herself, and going down t^tairs, she funnd her mother's 
body lying on the light side with her head against th6 
grate, and extended over tho hearth with her legs on the 
deal floor, and appearing like a block of wood burning 
with a glowii^ fire without flame. Upon quenching the 
fire with two howls of wntcr, tho noiglibours, whom the 
cries of the daughter had brought in, were almost stifled 
with the smell. The trunk of the unfortunate woman 
was almost burned to ashes, and appeared like a heap of 
charcoal covered with white ashes. The head, arms, legs, 
and thighs, were also much humed. There was no fire 
whatever in the grate, and the candle was burned ont in 
the socket of the candlestick, which stood by her. Tho 
clothes of a child on one side of her, and a paper screen 
on the other, were untoucheii; and the deal floor was 
neither singed nor diacolom'ed. It wbb said that the woman 
had drunk plentifully of gin overnight in welcoming a 
daughter who had recently returned from Gibraltar. 

Among the phenomena of the natural world which are 
related to those of spontaneous combustion, are what have 
been called the natural fii'e temples of the Guchres, and 
the igneous phenomena which are seen in their vicinity. 
The ancient sect of the Guebres or Farsees, distingmshed 
from all other sects aa the worshippers of fire, had their 
origin in Persia; but, being scattered by perancution, 
they sought an asylum on tho shores of India. Thosa 
who refused to cspatriato themselves continued to inhabit 
the shores of the Caspian Soa, and the cities of Ispahan, 
Yezd, and Eeimon. Theii- great fire temple called Attiish 
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Kudda standa in the vicinity of Badlni, one of the largest 
and most cammodiona ports in the Caspian. In the 
nctghboiirhood of this town the earth is impregnated with 
naphtha, an inflamntablo mineral oil, and the inhabitants 
hayo no other fuel, and no other Ught, but what is derived 
from this substance. 

The remains of the ancient fire temples of the Guebrea 
are still visible about ten miles to the aorth-cast of the 
towu. The temple in which the Dcily is worahipped 
under the form of fire is a space about thirty yards square, 
Biirrounded with a low wall, and containing many apart- 
mentB. In each of these a small volcano of sulphnreoua 
fire issues from the ground through a furnace or funnel in 
the shape of a Hindoo altar. On closing the funnel the 
fire is instantly ox tin gui shed, and by placing the ear at 
the aperture a hollow eoiiiid is heard, necompanied with a 
strong cnrront of cold air, which may be lighted at 
pleasure by holding to it any burning subatajice. The 
flame is of a pale clear colour, without any perceptible 
smoke, and emits a highly-sulphureous vapour, which 
impedes respiration, unless when the mouth is kept 
beneath the level of the furnace. This action on the 
lungs gives the Guebrea a wan and emaoiated appear- 
ance, and oppresses them with a hectic cough, which 
strangera also feel while breathing this insalubrious atmo~ 

For about two miles in cireumferonce, round the 
principal fire, the whole ground, when scraped to the 
depth of two or three inches, has the singular property of 
being inflamed by a biiniing coal. In this case, however, 
it does not communicate fire to the adjacent ground; but 
if the earth is di^ up with a spade, and a torch brought 
near it, an extensive, but inataDtanoons conflagration takes 
place, in which houses have often been destroyed, and the 
lives of the people exposed to imminent danger. 
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Wiiea the sky is clear and the weather Berene, tiis 
epriugB in their ehullition ilo not rise higher than two or 
three feet ; but in gloomj weather, and during the pre- 
valence of stormy cloude, the springs are in a Etate of the 
groatost ebullition, and tho naphtha, which often takea fire 
Bpontaneously at tho earth's surface, flows htiming in 
great quantities to the sea, which is frequently covered 
with it, in a state of flame, to tho dtetoncD of several 
leagues from the shore. 

Besides the fires in the temple there is a large one 
which springs froui a natural cliff in an open situation, 
and which continually bums. The general space in 
which this voltanic fire is most abundant is somewhat less 
than a mile in circuit. It forms a low fiat hill sloping to 
the soa, the soil of which is a sandy earth mixed with 
stones. Mr. Forster did not observe any violent emptiou 
of flame in the countiy around the Attush Hudda; bat 
Kinneir infoi-ms ug, that the whole country round Badkn 
has at times the appearance of being enveluped in flames. 
"It often seems," he adds, "as if the fire rolled down 
from the mountains in large masses, and with incredible 
velocity; and during the clear moonshine nights of 
November and December, a bright blue light is observed 
at times to cover the whole western range. Tiie firo does 
not consume, and if a person finds himself in the niiddlo 
of it no warmth is felt." 

The inhobitauts apply these natural fires to domestic 
purposes, by sinking a hollow cane or merely a tube of 
paper, about two inches in the ground, and by blowing 
upon a buiiiiug coal held near the orifice of the tube, 
there issues a slight flame, which neither bums the cane 
nor the paper. By means of those canes or paper tubes, 
from which the fire issues, the inhabitants boil the water 
In their eoffee-urns, ond even cook different articles of 
food. The flame is put out by merely plugging up the 
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orifice. Tlia some tubes are employed fur illurainating 
hooEes tliat are not paved. The smell of aaphtlia is of 
course diffased through the house, but after any peraon is 
accustomed to it it ceases to be diaagreeablo. The 
inhahitHnta also employ this natural fire in calcining 
lime. Tiio qunntity of naphtha procured in the plain to 
the south-east of Badka is enormona It is drawn from 
wells, some of which yield from 1000 to 1500 lbs. per day. 
As soon as those wells are emptied, they fill again till the 
naphtha rises to its original level.* 

Inflammable gases issuing from the earth have been 
used both in tho old and tho new world for domoBtio 
purposes. In the salt mine of Guttcsgafae at Bheims, in 
the county of Fecklenbnrg, there is a, pit called the Pit of 
the Wind, from which a constant current of inflammable 
gas has issued for sixty years. M. Boeder, the inspector 
of the mines, has used this gas fur two years not only as 
a light, but for all tho piirposcH of domestic economy. In 
the pits which are not worked he collects the gas and ' 
conveys it in tubes to his house. It bums with a white 
and brilliant flame, has a density of about 0'Ij6, and con" 
taina traces of carbonic acid gas and sulphuretted hydro- 
gon.t 

Near the village of Fi'edonia in North America, on the 
shoi-os of Lake Erie, are a number of bnraing apringa as 
they are called. The inflammable gas which issues from 
these springs is conveyed in pipe^ to the village, which is 
actually lighted by them.j; 

In the year 1828, a copious spring of inflammable gas 
was discovered in Scotland in the bed of a rivulet which 
cioBsea the north road between Glasgow and Edinburgh, 
a little to the east of the seventh mile-atone from Glasgow 

• See Fortler'a Travfli, nnd BinneiVs Gsoff Menu)!r. 
t miinhiirgh Joiirnni of Seienfc, No it. p. 183. 
I Id. Id. 
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"The Same was yellow and strong and Mflemliled 
perfectly the appearance which aattveOed hfdngat gm or 
Jirt liamp presents nhen bomt in daylight. Bat tike 
greatest israe of gas was in the rlToIet itself, distaDt 
abont twenty yards from the place where the gaa v«s 
burning. The rivulet when I Tieited the place was 
swollen and mnd'Iy, so as to prevent its bottom from being 
seen. Bnt the gas iBened up thiroogh it in one place with 
great violence, as if it had been in a etate of comjtressioB 
under the enrface of the earth ; and the thictmess of tbs 
jet conld not be less than two or three inches in diameter. 
We set the gas on fire as it isned throngh the water. 
It burnt for itomo time with a guod deal of splendour; 
bnt M the rivnlet was swollen and rushing along with 
great iinimtiiosity, the r&gnlarity of the issue was neces- 
sarily distnrbed, and the gas woa extinguished." Dr. 
Thomson found this gas to consist of tax) volnmes of 
hydrogen gna and me volume of vaponr of caAion ; and 
as its specific gruvity was 0-555, and as it issues in great 
abundance, he remarks that it might bo used for filling 
air-balloons. "Were we assured," he adds, "that it 
would continue to issue in as great abundance u at pie- 
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Bent, it might be employed in lighting the strcsta of 
Glasgow."" 

A very curious natuml phenomenon, calind tho LajiterH 
or Natural Lighihouge of Maracaybo, has been witnGsaed 
in South America. A bright light is eoon eyery night on 
a motmtoinous and nninhabitod spot on tho hanliB of the 
livec Catatumbo, near its junction with the Sulia. It is 
eafliJy dtHtinguished at a greater distance than /w(y 
leagues, and as it ia nearly in tho meridian of the opening 
of the Lake of Maracaybo, navigators aro guided by it ua 
by a lighthouse. This phenomenon is not only seen from 
the sea coast but also from the interior of the country,- — 
at Morida, for example, where M. Palacios observed it for 
two years. Some perBona have ascribed this remarkable 
phenomenon to a thimderetorm, or tu electrical explosions, 
which might take place daily in a pass in the mountftina ; 
and it has even been asserted that the rolling of thunder is 
heard by those who approach the spot. Others suppose it 
to bo an air volcano, like those on the Caspian Sea, and 
that it is caused by asphaltic soils liko those of Meua. 
It is more probable, however, that it is a sort of carburetted 
hydrogen, as hydrogen gas is disengaged from the ground 
in the same diEtriet.t 

Grand as the chemical operations are which are going 
on in the great laboratory of Nature, and alarming as their 
cfEbcta appear when they are displayed in the terrors of 
the earthquake and the volcano, yet they oro not more 
wonderful to tho philosopher than the minute though 
analogous operations which aro often at work near our 
own persons, unseen and unhocded. It is not merely in 
the bowels of the earth that highly-expansive elements ai'p 
imprisoned and restrained, and occasionally called into 
tremendous action by the excitation of heat and other 

111. i. Nuw Senca, pp. 71—75, 
!, Vol, iv. p. 254, note. 
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canses. Fluids and vapours of a similar character 
in the very gome and precious atones whicli scienoe 
contribnted to loiurj aad to the arts. 

In eiamining with the microscope the structnro gf 
mineral bodies, I discovered in the interior of many o£ iho 
gems thousands of cavities of various forms and sizes. 
Some had the shape of hollow and regularly-formed 
crystals: othern possessed the most irregular outline, and. 
consisted of many cavities and branches united without 
order, but all eommmiicating with each other. These 
cavities sometimes occurred singly, but most frequently in 
groups forming stratn of cavities, at one time perfectly flat 
and at another time curved. Several such strata were 
often found in the same specimen, sometimes parallel to 
each other, at other times inclined, and forming all 
varieties of angles with the faces of the original crystal. 

These cavities, which occurred in sajipUre, cAry»oberyI, 
topaz, beryl, qimrlz, amethjat, peridol, and other subatances, 
were sometimes sufficiently large to be distinctly seen hy 
the naked eye, but most frequently they were so small as 
to require a high nu^ifying power to he well seen, and 
often they were so exceedingly minute that the highest 
magnifying powers were unable to exhibit their outline. 

The greater number of these cavities, whether large or 
small, contain two new fluids different from any hitherto 
known, and possessing remarkable physical properticH, 
These two fluids are in general perfectly transparent and 
colourless, and they exist iu the same cavity in actual 
contact, without mixing together in the slightest degree. 
One of them expands iMrty times more than water ; and at 
a temperature of about 80" of Fahrenheit it 
to fill up the vacuity in the cavity. This will he under- 
stood &oin tho annexed £gure, where A B C I) 
cavity, m n p o the highly-expansible fluid in which at low 
tempei'atures there is always a vacuity T, like an air-hnbblo 
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I fluida, and Aran, Co }>, the second fluid 
occupying the anglea A and C. "When beat Buch ua that 
of the hand is applied to the specimen, tho vacuity V 
gradually contrftcts in size, and wholly vanishes at a 
temperatui'e of about 80\ as ghown iu Fig. 76. Thu 
liiiids arc shaded, as in theBB two figures, when thoy we 
tioon by light reflected irom their surfaces. 




When the cavities are large, as iu Fig. 77, compared 
with the (juantity of expansible fluid m n j) o, the heat 
convorta tho fluid into vapour, an effect which is shown by 
the cireulaa' cavity V becoming larger and larger till it 
iillH tho whole Bpace m no p. 




When any of theaa cavities, whether they aro filled with 
fluid or with vapour, ia allowed to cool, the vacuity V 
reappears at a cei'toin temperature. In the fluid cavitie'- 
tho fluid contracts, and the Bmall vacuity appears, which 
grows larger and larger till it resumes its original size, 
Wlieu tho cavities ure large several small vacuitiea make 
■ 2 




obacrte, when a great nnmber of cavities are seen at onoe 
in the field of the microHCtipe, that the Tftcmties all dis* 
Appear and reappear at tho Baaut instant. 

While all tlu«e changes are going on in the cxpansibla 
flnid, tho other denger fluid at A and C, Figs. 75, 76, 
rcmainM unchanged either in its form or magnitude. On 
this account I ciperienced considerable difScoltj in pror^ 
ing that it was a fluid. The improbability of two fiuid^ 
(ixiiitiDg in n tmuBpiircnt state in abBolat« contact, witltont 
mixing in the slightest degree, or acting upon each otberi 
indnccid many i>cmam to whom I showed the phenomen<Mi 
I coniidor the lines mn op, Figs. 75, 76, as a putitia; 
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in the euvity, or the spaceB A m «, C o p, either as filled 
with BoM mutter, or as cornere into which the expanding 
fluid would not penetrate. The regular curvature, how- 
ever, of the boundary line m n o p, and other facts, 
rendered these suppositions untenable. 

This difficulty was at last entirely I'emoved by the 
discovery of a cavity of the form shown in the aiinesed 
figni'e, where A, B, and C are three portions of tho 
expansible fluid separated by the inteTposition of the 
second fluid D E F. The first portion A of the expansible 
fluid had four vacuities V, X, Y, Z, while the other two 
portions B, C had no vaeuity. In order to determine if 
the vacuities of the portions B, C had passed over to A, I 
Fig. 7S. 




took an accurate drawing of the appearances at a tempera- 
ture of 50^, as sliown in tho figure, end I watched the 
changes which took place in raising the temperature to 
83'-'. The portion A gradually expanded itself till it 
filled up all the four Taenitiea V, X, Y, and Z; but as 
the portions B, G had no vitcuities, they could expand 
themselves only by pushing back the supposed second 
fluid D E r. This eflect actually took ploeo. The 
dense fluid quitted the side of the cavity at E, The two 
portions B, C of the expansible fluid instantly united, nod 
the dense fluid Laving retreated to the limit m n n o, its 
other limit advanced to p i; r, thus proving it to lie a real 
fluid. This experiment, which I havo often ehown to 
others, involveB one of those rare oombinatiosB of circuia- 
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Btancoa whicli Duture aonietiraea preecnfs to us in order to 
illustrate her tiiost mjBtcrioiis opomtians. Und the por- 
tioDs B, C been accompanied, a^ is neual, with their 
vacnitiea, tho interposed fluid would hare lemainod 
immoTeabIc between the two equal oitJ oppoeite expou- 
uions ; but owing to the accidental ciicinnBtance of those 
TftCoitieB having passed over into tho other branch A of 
the carity, the fluid yielded to the difference of the 
expansiYe forces between which it lay, and thus e:thibited 
ibi fluid character to the eye. 




When we esamino these cavitirs narrowly, we find that 
Ihoy are actually little laboratories, in which chemical ope- 
rations are constantly going on, and beautiful optical phe- 
nomena continually displaying thcmielves. Let A B D 0, 
for example, bo tho Bammit of a crystaUizod canity i 
topaz, S S representing tho dense, N N the expansible 
fluid, bounded by a circular lino abed, and W t 
Tacuity in tho new fluid, bounded by the circle e/y A. 
If the face A B D C is placed under a compound micro- 
Bcope, BO that light may be reflected at an angle 
lees thou that of total reflection, and if the observer now 
looks through the microscope, the temperature of the 
room being 50°, he will see the second fluid 8 S Bhining 
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vory feeble reflected light, the denBo fluid N N 
light perceptibly hrighter, and the vacuity V V 
'ith a light of ooosiderablo brilliancy. The heuDdories 
: d, e f g h are marked by a well-defined outline, and 
by the concentric coloured rings of thin plates produced 
t'by the estreme tldnuess of each of the fluids at their edges. 

If tho temperature of the room is raised slowly to 
18°, a brown spot will appear at ic in tho centra of tho 

luity V V. This spot indicates the commencement of 
evaporation from the espaneible fluid below, and arises 
fiom the partial precipitation of the vapour in the roof of 
the cavity. As tho heat increases, tho brown spot en- 
larges and becomes vary dark. It is tlion succeeded by a 
white spot, and ono or more colourad rings rise in the 
contro of the vacuity. The vaponi' then seems to form a 
drop, and all the rings disappear by retiring to the centre, 
but only to reappear with new lustre. During the 
application of heat, the cii-cle efgh contraetBond dihttos 
like tho pupil of the eye. When the vaporization is so 
feeble as to produce only a single ring of ono or two tints of 
the second order, they vanish instantly by breathing upon 
the crystal, but when the slight heat of tho breath reaches the 
fluid, it throws off A-'Csh vapour, and the rings again appear. 

If a drop of ether is put upon the crystal when the rings 
a state of rapid play, the cold produced by its 
evaporation causes thorn to disappear, till the temperature 
again rises. When tho temperature is perfectly uniform, 
the rings oi'o stationary, as shown between V and V in 
Fig. 79 ; and it is interesting to observe the first ring 
produced by the vapour swelling out to meet tho first 
ring at the margin of the fluid, and sometimes coming so 
near it that the dai'kest parts of both form a broad black 
hand. As the heat increases, the vacuity V V diminishes, 
and disappears at 79^, exhibiting many curious phenomena 
which we have not room to describe. 
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HaTisg fallen npoa a method of opening the carities, 
and lookiiig at the fluiilB, I was ivble to examine their 
properties ^vith more atteution. Wlien the expanoiblo 
fluid first risoB from the cavity upon the Eurfocc of tlie 
topaz, it neither remaine still like the fixed oils, nor 
ilisappears like ovaporable fluids. Under the influence, 
no doubt, of heat and moteture it is in a state of constant 
motion, uow epreoding itself on a thin plate oyer a large 
Burfaco, and now contracting iteelf into a deeper and 
much less cKtended drop. These contractions and extea- 
sions aro marked hy very beautiful optical phenomena. 
When the fluid haBRtretcbed itself out into a thin plate, it 
coaGcs to reflect light like the thiuuest pai't of the soap- 
bubble, and when it is again accumulated into a thicker 
drop, it ia covered with the coloured rings of thin 

After performing these motions, which sometimes last 
for ten minutes, the fluid suddenly disappeai's, and leavos 
behind it a sort of granular residue. When esaminiug 
this with a single microscope, it again started into a flnid 
state, and ostended and contracted itself as before. This 
WBB owing to the humidity of the hand which held the 
microscope, and I have been able to restore by moisture 
the fluidity of these grains tiventy days after they were 
formed from the fluid. This portion was shown to tlie 
Eeverend Dr. Fleming, who remarked that, had ho 
obaerved it accidentally, he would have ascribed its 
apparent vitality to the movements of some of the animals 
of the genus Planaria. 

After the cavity has remained open for a day or two, tho 
dense fluid comes out and quickly hardens into a trans- 
parent and yellowish resinous-looking substance, which 
absorbs moisture, though with less avidity than tho other. 
It is not volatilized by heat, and is insoluble in water 
and alcohoL It readily diq^lves. however, with efferves- 
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cenoe in tlio Bulphuric, nitric, and muriatio acids. The 
Toeidue of the espsneible fluid is volatilized by heat, and 
18 dissolved, but without effervescence, in the above-men- 
tioned acids. The refractivo power of the dense fiiiid is 
about 1'205, and of the espauBible one 1*131. 

The particles of the dense fluid have a very powerful 
attraction for each other and for the mineral which con- 
tains them, while those of tho cspanBible fluid liave n 
very slight attraction for one another, and also for tho 
substance of the mineral. Hence the two fluids never 
mix, the dense fluid being attracted to the angles of angu- 
lar cavities, or filling the narrow necks by which two 
cavities communicate. The exiHtusible fluid, on the other 
hand, fills the wide parte of the cavities, and in deep and 
round cavities it lies above the dense fluid. 

When the dense fluid occupies the necks which join two 
cavities, it peiforma the singular function of a fluid 
valve, opening and shutting itself according to the expan- 
sions or contractions of the other fluid. The Jtaid voises 
thus exhibited in action may suggest some useful hints to 
tho mechanic (ind the philosopher, while they afford 
ground of curious speculation in reference to the functions 
of animal and vegetable bodies. In the larger organiza- 
tions of ordinary animals, where gravity must in general 
overpower, or at least modify, the influence of capillary 
attraction, such a mechanism is neither necessary nor 
appropriate ; hut, in the lesser functions of the same 
animab, and in almost all the microscopic structures of 
the lower world, where the force of gravity is entirely 
subjected to the more powerful energy of capillary forces, 
it is extremely probable that the mechanism of immiscible 
fluids and fluid valves is generally adopted. 

In several cavities in minerals I have found crystal- 
lised and other bodies, sometimes transparent crystals, 
sometimes black spioulw crystals, and sometimeB black 
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i cavities the two new fluids occur ia an indtUBted 
atate, and otliors I have found to be linod ivith a powdery 
nutter. This last close of caviticB occurred iu topaz, »ad 
they were diBtinguiahed fi'om all others hy the estraordi- 
OKJ beauty and symmetry of their form. One of tbcso 
oavitiea ropreeeuted a finely- ornamented acoptro, and, 
what is sttU moro singulai', the different parts of which it 
is composed lay in different planes. 

When the gem which contains the highly-espanaive 
fluid is sti'ong, and tbe cavity not near the surface, boat 
may be applied to it without danger ; but in tbe course of 
my experiments on this subject, the mineral has often 
Lnrst with u tremendous explosion, and in one case 
wounded mo on the brow. An accident of the eame kind 
occurred to a gentleman, who put a crystal into bis mouth 
for the purpose of expanding the fluid. Tbe specimen 
burst with gteat force and cut his month, and the fluid 
ivhich was discharged from the cavity had a vory disagree- 
able taste. 

In the gems which are peculiarly nppropiiated for 
female ornaments, cavities containing the expansible fluid 
frequently occur, and if these cavities should bappea to be 
very near tbe sui'face or the edge of the etone, the fever 
boat of the body might be sufficient to burst them with ou 
alarming and evon dangerous explosion. I have never 
heard of any such accident having occurred ; but if it has, 
or if it ever shall occur, and if its naturally moi'vellons 
character elmll bo heightened by any calamitous rosolte, the 
phenomena dt'scribed in tho preceding pages will Btrip it 
of its wonder. 

There ni'c no facts in chemistry more interesting than 
those which relate to t)io changes of colour which are 
produced by the mixture of fluids, and to the creation of 
brilliant colouie by the combination of bodies in which n 
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colonring matter ie visible. Feats of thiB kind are too 
oommon and too generally known to require to bo noticed 
in B, work like this. The art of pioducing such cLangos 
was known to some of the early impostors, who endea- 
voured to obtain a miraculouB sanction to their particuLir 
dogmas. Marcos, the bead of ono of the sects that wished 
to engraft paganisni upon Christianilj, is B«id to have 
filled throe transparent glueses with white wine, and wliile 
ho prajcd, the wine in one of tho glasses became reil like 
blood, that in another became porple, and that in Uie third 
sky-blue. Such transfonnations pregent no difficulty to 
the chemist. There are several £(iids, such as some of the 
coloured juices of plants, which change thcii colour 
rapidly and without any iidditioual ingredient; and in 
other cases, there would be no difticidty in making addi- 
tions to fluids, which should produce a change of colourat 
I auy required instant, 
^ A very ramarkable oipcrimcut of an analogous nature 
has been publicly eiliihited in modei'n times. Professor 
Beyruss, who lived at tho court of the Duke of Brunswick, 
one day pronounced to his highness that the dress which 
he wore should during dinner become red ; and the change 
actually took place to the astonishment of the prince and 
the rest of his guests. M. Voge], who has recorded this 
curious fact, has not divulged the secret of the German 
chemist ; but he observes, that, if we pour lime-water into 
"^ the juice of beet-root, we shall obtain a colourless liquid ; 
and that a piece of white cloth dipped in this liquid aud 
dried rapidly will in a few hours become red by the more 
contact of air. M. Vogol is also of opiuion that this 
singular effect would be accelerated in an apartment where 
champagne or other fluids choi'ged with carbonic acid arc 
poui'ed out in abundance. 

Among the wonders of chemistry wo must number tho 
remarkable effects produced upon the human frame by the 
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inhalation of paradue or inloiiealing gag, as it has been 
called. ThiB gaa is known to chemists by the name of the 
nitrotu oxide, or the gaseous oxide of azote, or the protoadde 
of nitrogen. It differs from atmospherio air only in the 
proportion of its ingredients, atmospheric air being com- 
posed of twenty-Boven parts of osygea and Eoventy-three of 
nitrogen, while the nitrous oiide consists of tiurty-seven 
ports of oxygen ttnd aisty-seven of nitrogen, The most 
convenient way of procuring the gas is to expose nitrate of 
ammonia in a tubulated glass retort lo the heat of an 
argand'a lamp between 40(P and 500^ of Fahrenheit. The 
salt first melts ; hnbbles of gas begin to rise from the 
moss, and in a short time a brisk odervoscence takes phiee, 
which continues till all the salt has disappeared. The 
products of this operation are the nitrons oxide and 
water, the watery vaponr being condensed in the neck of 
the retort while the gas is received over water. The gas 
thus obtained ie generally white, and hence, when it is 
to be used for the purposes of respiration, it should remain 
at least an hoar oyer water, which will absorb the small 
quantity of acid and of nitrate of ammonia which adhere 
to it. A pound of the niti'ate of ammonia will in this way 
yield five cuhio feet of gas fit for the purpose of inhala- 
tion. 

It was discovered by Sir Humphry Davy, that this gaa 
could be safely taken into the lungs, and that it was 
capable of supporting respiration for a few minutes. In 
making this experiment he was surprised to find that it 
produced a singular species of intoxication, which be thus 
describes : " I breathed," says he, " throe quarts of oxide 
from and into a silk hag for more than half a minnte 
without previously closing my nose or exhausting my 
lunge. The first inspiration caused a slight degree of 
giddiness. This was succeeded by an uncommon sense of 
fulness in the bead, accompanied with loss of diatinct 
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sensation and volantory power, a feeling aDalogous to tliftt 
prndaccd iu the first stage of intoxication, but unattended 
by pleasurable sensations." In describing tba effects of 
anotber ciperiment, be says, " Having previously closed 
ray nostrils and exbausted my lungs, I breatbed four 
quarts of nitrous oxide from and into a silk bag. Tbo 
first feelings were similor to tbose produced in tbe lagt 
experiment, but in less than balf a minute, tbe respiration 
being coatiBUed, they diminished gi'adually, and were 
succeeded by a highly-pleasurable thrilling, particularly 
in the chest and the extremities. The objects around mo 
became dazzling, and my hearing more acute. Towards 
tlie laat respiration the thrilling increased, the sense of 
muscular power become greater, and at last an irresistible 
propensity to action was indulged in. I recollect but 
indistinctly what followed ; I knew that my motions were 
varied and violent. Tbesa effects very rarely ceased after 
respliatLon, In ten minutes I bad recovered my natural 
state of mind. Tho thrilling in the extremities continued 
longer than the other Benaations. This experiment was 
made in the morning; no languor or exhaustion was 
consequent, my feelings through tho day were as usual, 
and I passed tho night in undistoi'bed repose." 

In giving an account of another experiment with this 
gas, Sir Humphry thus describes his feelings : " Imme- 
diately after my return from a long journey, being 
fatigued, I respired nine quarts of nitrous oxide, having 
been precisely thii'ty-threc days without breathing any. 
Tbe feelings were different from those I hod experienced 
on former experiments. After the fii'st six or seven 
respirations, I gradually began to loso tho perception of 
external things, and a vivid and intense recollection of 
some former experiments passed through my mind, so 
that I called out, ' what an annoying concatenation of 
ideas.' " 
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Another experiment made hy the Buue diatinf 
chomist naa attended \>y etill more letnarkable i 
He was ahnt np in m air-tig!it lireatbing box, 1 
capacity of about nine and a-balf cubic feet, and he tdlowed 
himself to be babitaated to tbe excitement of the gu, 
which was gradually introduced. After having undergone 
this operation for an hoar and a qaai-tdi, daring which 
oightj qoarts of gsa were thrown in, he came oat of the 
box and begun to respire twenty quarts of numingled 
nitrons oxide. " A thrilling," says he, " extending &om 
tbe chest to the extremities, was almost immediately pro- 
duced. I felt a Eonse of tangible extension, highly plea- 
enrable in every kind, my visible impressions were 
dazzling, and apparently magnified. 1 heard distinctly 
every sound in the room, and was perfectly aware of nay 
sitoation. By degi'eee, as the pleasurable sensation in- 
creased, I lost all connection ^tith eitei-nal things ; trains 
of vivid visible images rapidly passed through my mind, 
and were connected with words in such a manner as to 
produce perceptions perfectly novel. lexistod in a world 
of newly connected and newly modified ideas. When I 
was awakened from this same deliriuue trance by Zlr. King- 
lake, who tooktliebagfrommymoath,initignatiou and pride 
were the first feelings produced by the sight of the persons 
about me. My emotions were enthueiostio and sublime, 
and for e. moment I walked round the room, perfectly 
r^ardless of what was said to me. As I recovered my 
former state of mind, I folt an inclination to communicate 
the discoveries I had mode during the experiment. I 
endeavoured to recol the ideas ; they were feeble and 
indistinct. One recollection of terms, however, presented 
iteelf, and with the most intense belief and prophetic 
manner I exclaimed to Dr. Kinglakc, 'nothing exists bat 
thoi^hts ; the universe is composed of impressions, ideas, 
pleasures, and pains.' " 



These romorlmble projicrticH indueod several persons ta 
repeat tlie experimeat of breatliing thii? cxliilnnitiiig 
medicine. Its effects were, as might hnvo been expected, 
Tnrioug in dilfcrcat indiyidn&ls ; bntita general effoot was 
to produce in the gravest and most phlogmatic the highest 
degree of eiliilaration and happiness, unaccompaiiiod with 
languor or depressinu. In some it created an irresistible 
disposition to laiigh, and in others a propensity to mns- 
oular oiertion. In some it impaired the intoUcctual fimo- 
tions, and in Hcveral it had no sensible effect, even when it 
vfSB breathed in the purest state and in eonsiderablo 
quantities. It wonld bo an inquiry of no slight iuterost to 
ascertain the influence of this gas over persons of various 
budily temperaments, and upon minds varying in their 
intellectual and moral character. 

Although Sir Humphry Davy eiperieneed noimpleasant 
effects from the inhalation of the nitriius oxide, yet snob 
effects ai-e undoubtedly produced ; and there is reason to 
believe that even permanent changes in the constitntion 
may bo induced by the operation of tiiiii remarkable 
stimnlant, T«o very interesting cases of this kind pre- 
sented themselves to Professor Silliman of Yale College, 
ivhon the nitrons oxide was administered to somo of his 
pupils. The students bad been in the habit for several 
yeiirs of preparing this gas and administering it to one 
nnothor, and tliose two cases were the only remarkable 
ones whith deserved to bo recorded. Wo shall describe 
them in Professor Silliman's own words: — 

" A gentleman about nineteen years of age, of a san- 
guine temperament, and cheeiful temper, and in the most 
l>orfect health, inhaled the nsual quantity of the nitrons 
oxide when proparcd in the ordinary manner. Imma ■ 
diately his feelings were uncommonly elevated, so that, 
as he expressed it, ho could not refrain from dancing and 
shouting. Indeed to snob a degree nna he excited, thxt 
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lie was thrown iato a friglitful £t of delirium, a&d his 
oxortions bocamo so violeut, tLot after a wliilo lio suuk to 
the cartii exhausted, and there remained, until liavicg by 
quiet in some degree recoveied hiB Btrength, he again 
arose only to renew the most convulsive muscniar eSbrtG, 
and the most piercing ecreoms and cries; withiu a few 
moments, overpowered by t!io intensity of the parosyBm, 
he again fell to the ground apparently senseless and pant- 
ing vehemently. The long continuance and violence of 
the afiection alarmed his companions, and they lau for 
professional aaaistanco. They were, however, encouraged 
by the person to whom they applied to hope that he would 
come out of his trance without injury, but for the space 
of two hours these symptoms continuod ; he was perfectly 
unconscious of what he was doing, and was in every 
respect like a maniac. He states, however, that hig feelingt 
vibrated between perfect happiness and the most consum- 
mate misery. In the course of the afternoon, and after 
the first violent eSects had subsided, he was compelled to 
lie down two or three times, from excessive fatigue, 
although he waa immediately atonsed upon any one's 
entering the room. The effects remained in a degree for 
thiee or four days, accompanied by a hoarseness, which lie 
attributed to the exertion made while under the immediato 
influence of the gas. This case should produce a degree 
of caution, especially in persons of a sanguine tempera- 
ment, whom, much more frequently than others, we have 
Jcon painfully and even alarmingly affected." 

'llie other case described by Professor Silliman was 
that of a man of mature age, and of a grave and respectable 
character. " For nearly two years previous to his taking 
the gas his health had l>een very delicate, and his mind 
frequently gloomy and depressed. This was peculiarly 
the cose for a few days immediately preceding that time, 
and his general state of health was such that he wu 
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obliged almost entirely to discontinue iiia etudics, aiid was 
about to hare recourso to medical osfiistance. In this 
state of bodilj and mental debility he inspired about 
three quarts of nitrous oside. The consequences were, 
an astonishing invigoration of his whole system, and the 
moat esquisife perceptions of delight. These were mani- 
fested by an uncommon disposition for pleasantry and 
mirth, and by extraordinary muscular power. The effects 
of the gas were felt without diminution for at least thirty 
hours, and in a greater or less degree for more than a 

" But the most remarkable effect was that ujwn the 
organs of taste. Antecedently to taking the gas, he 
exhibited no peculiar choice in the articles of food, but 
immediately subsequent to that event, he viani/esfed a ta»le 
far fUck thingg only as teere gweet, and for several days ate 
nothing hut gweet cake. Indeed this singular taste was 
carried to such excess, that ho used suj^ai* and Tiiolagges not 
otdy upon hU bread and halter and lighter food, b«t upon Ms 
meat and vegetables. This he continues to do even at the 
present time, and although eight weeks have elapsed sinee 
he inspired the gas, he is still fonod pouring molasses over 
beef, fish, poultry, potatoes, cfdibage, or whatever aninial or 
aegelable food i» placed before him. 

"His health and spirits since that time have been uni' 
formly good, and he attributes the restoration of hia 
strength and mental enei^y to the influence of the nitrous 
oxide. He is entirely regular in his mind, and now oi- 
perieucca no uncommon exhilaration, but is habitually 
cheorful, while before he was as habitually grave, and 
oven to a degree gloomy." 

Such is a brief and a general account of the principal 
jihcnomona of Nature, and the most remarkable deductions 
1, to which the name of Natural Magic has been 
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applied. If thoso wlio havo not LJtJierto songlit for 1 
stmctioQ nnd nmuBcmcDt in tho stuily ( 
u-orltl slinll ha.TG faund a poi'tion uf either in the preceding 
pages, thoy will not fail to extend tlicir inquiries to othor 
popular depurtmonts of science, even if tliey are less 
marked with the attributes of the marveUoufi. In every 
region of space, from the infinitclj distant recesses of tbo 
licavons to the " dark uafotliomed caves of ocean," the 
Almighty haa erected monuments of miraculons graudour, 
which proclaim the power, the wisdom, and the bcneficenco 
of their author. The inscriptions which they bear^tlie 
handwriting which Bliines upon their walls — appeal to tho 
understanding and to the affectionB, and demand the ad- 
miration and the gratitude of every rational being. To 
remain willingly ignorant of these revelations of the 
Divine Power is a crime nest to that of rejecting t 
revelation of the Divine will. Knowle 
once the haudioaid and the companion ef true roligiol 
Thoymutually adnrn and support each other ; and beyo 
the immediate circle of our secular duties, they ara t 
only objeets of rational ambition. Wliile the culm d 
tions of reason regulate the ardour of Christian zeal, 1 
warmth ef a holy enthusiasm gives a fixed brightness J 
the glimmering lights of knowledge. 

It is one of the darkest spots in the history of man tl 
tiieeo noble gifts have been bo seldom combined. In tl 
mind Bloue can the two kindred seeds be effectu 
and among tho improvements which s 
public institutions rci^uire, wo yet hope to witness J 
national system of instruction, in which the volumes i 
Natm'o and of Bevelation shall he simultaneously per 

D. BhewbtbiuJ 
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CHAPTER I. 

Optical iUuiioai—TIx Mirage of the de»ert—Belami!t detcriplioi 
Quiniut Curtiai'i account — Probable eauee—Apathy of lite Aralii 
and neglect of the ezmnple of the palrlareha—Froapecl of a 
remedy — Opiicai jtluiioa of Mr. W. G, S. — Aiiociatioa of idea/ 
— Came a/ vividneti of tuck phenoiaena—Aad of dname over 
ordinary ecenU — Magie Uaitem impraced by pJiotography 
and the impronemente in art^hial Ught, ic, — Profeteor Pepptr't 
gliod—The deaipilaled head epeaking— Floating cheruhe—The 
autoinotie Leoturd^The high men'ie of Ihete Polytechtiie in- 
ventimu—EerT Friliel'i " JMosSs and Fucm " — Avrora Borealit 
— Sentitice Jlamee—Shndoui pantomime. 

On the Bnbject of optical illusions little falls to be added 
to tho preceding Letters, boyond wLut Sir David Brewster 
has already so fully wi'itten. The mirage in the Arctic 
regions liaa been considerably dLLated on in more recent 
voyages than those Sir David has referred to, but 
nothing has been added to tho interest of this phenomenon 
which would be regarded as more than mete amplification 
of details in the present volume. The following, 
what is called the mirage in the desert, however, possesseB 
sufficiently distinctivo features to justify notice. M. 
Belzoni, writing of tho desert in Upper Egypt, 
western side of the Bed Sea, which he croBsed, and which 
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is parallel witli tKe great dceert on the oaBtern side, 
Hcene of the wanderinga of the Isi-aelitea, saya : " Generally 
speaking, is a doBort there are few springs of water : 
some of them at the dietauce of four, sis, and eight days' 
journey from one another, and not all of sweet water : 
on the contrary, it is generally salt or bitter, bo that if 
the thirsty traveller drinks it, it increases his thirst, and 
he BnfTers moio than bcforo. But when the calamity 
happens that when the neit well, which is so anxioiisly 
sought for, is found dry, the misery of such a sitiiatiou 
cannot be well doacribcd. The camels, which afford the 
only means of escape, are so thirsty that they cannot 
proceed to another well ; and if the travellers kill them, 
to extract the little liquid which remaiuB in their 
etomacLs, they themBelvcB cannot advance any further. 
The situation must be dreadfal, and admits of no resource. 
Many perish victims of the most horrible thirst. It is 
then that the value of a cup of water is really felt. He 
that has a zenzabra of it is the richest of all. In euch 
a case there is no diBtinction. If the master has none 
the seri-ant will not give it to him ; for very few are the 
instances where a nian will voluntarily Iobc hJB life to 
aave that of another, particularly in a caravan in tlio 
desert, where people ai'e strangers to each other. What a 
sitnation for a man, though a rich one, perhaps the 
owner of all the caravans! He is dying for B cup of 
water — no one gives it to him : he ofiers all he poesesBes 
— no one hears him : they are all dying — though by 
walking a few hours farther tboy might be saved. If tho 
camels are lying down, and cannot be made to rise, no 
one has strength to walk. Only he that has a glass of 
that precious liquor lives to walk a mile further, and 
perhaps dies too. * • * In short, to be thirsty in the 
desert wi^ont water, esi>osed to the burning Bun without 
shelter, and no hopes of finding cither, is the mut 
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terrible dtmition that a man can. be placed in, and ono 
of the greatest safFerings that a humun being can Bnstain : 
tlio eyes grow inflamed, the toiigno and lips swell, n 
hollow sound is lieard in the eai-s, which brings ou 
deafness, and the brain appears to grow thick and inflamed. 
All these feelings arise from the want of a little water. 
lit the midst of all this miaeri/, the dec&tful moragaes appear 
before the traveller at mo great distance — somelhmg like a 
take or river of clear fresh teater. If, perchance, a 
iravdler is not undeceived he hmlens liis pace lo reach it 
sooner ; the more he advances towards it the more it recedes 
from him, till at last it vanishes entirely, and the deluded 
passenger often asJts tehere is tlie water he saw at no great 
distance ? He can scarcely Mieee that he was so decaved ; he 
protests that he sain the waves rimning before the wind, and 
the reflection of the high rods in the water." Elsewhere 
M. Belzoni gives the following further particulars of 
this desert mirage : " It generally appears liie a still lake, 
so unmoved by the wind that eyorything above is to be 
seen most distinctly reflected by it. If the wind agitate 
any of the plants that rise above the horizon of the 
miri^e the motion is seen perfectly at a great distance. 
If the traveller stands elevated much above the mirage 
the apparent water seems less united and less deep ; for 
as the eyes look down upon it, there is not thickness 
enough in the vapour on the surface of the ground to 
conceal the earth from the sight ; hut if the traveller bo 
on a level with the horizon of the mirage he cannot sea 
through it, ho that it appears to him clear water. By 
putting my head first to the ground, and then mounting 
a camel, the height of which from the groimd might 
have been about ten feet at the most, I found a great 
difference in the appearance of tlie mirage. On approach- 
ing it, it becomes thinner, and appears as if agitated by 
the wind, like a field of ripe com. It gradually vuuBhes 
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EiB thG traveller approaches, and at last eatii'elj dieappeara 
when he is on the Bjioi."—Behoni'i Nanatu-e, pp. 3il 
343, and p. li)(i. This description aubstantiolly coinoides 
with that of Qiiintas Citrtine, who, in detailing the 
pcHBage (jf Alexander the Great and hie army thiongh 
the deeeits of Sogdiana, says : " Amidst a deartli of 
water, despair of obtaining any created thirat before it 
was oscited by nfttuie. Throughout font hundred stadia 
not a drop of water springs. As soon as the summer 
beat pervades the sand everything iB dried up aa in a 
burning kiln. Steaming from the fervid eipanae, which 
a^ears like a gurfaee o/gea, a cloudy vapour darkens the 
day," &c. — Quint. Curt,, lib. vii. c. 5. The pheaomenon 
described by those writei's is supposed to be prodaeed by 
H decrease in the density of the stratum of the atmosphere 
in immediate contact with the ground, ariaiitg from the 
intense heat of the sun upon the sand ; hut there is 
probably also a email amount of vapour or steam at the 
high temperature of invisibility along with it, and which 
would in that state rather increase the inconvenience 
of the traveller, and even aid to blister his skin, as 
Curtius further remarks, than modify the heat and 
drought, or help him ; for more recent travellers seem to 
indicate from their observations that there ia water at no 
very great depth below the sand. And, indeed, it is a 
remarkable fact that the Arabs, with the well-remembered 
examples of the patriarchs before them, whose Artesian 
works rcmoin, and ore pointed out by them to this day, 
should not have dug wells at convenient distances for 
their caravan journeys, and established caravansaries 
at them, to prevent the horrors Belzoni has described, 
and with the fatal features of which they have had grim 
^miliarity domi through all the ages of their history. 
The desire for short routes and railway communication 
will probably come to their aid at last, and accompUah 
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this object bj the sinking of ArtoBian wells and the 
dissomtDatios of Btreoms of water along the surface of the 
ground by meaUB of steam pumps, which would soon bo 
sheltered by vegetation if water were steadily supplied, 
for it is astonishing how rapidljr the desert blooms nnd 
becomes covered with verdure whenever plants find 
moisturo to support them. And thcro appears little 
reason to donbt that these deserts are great basins full of 
water, but only fuller still of sand. Dean Stanley, in 
his " Sinai and Palestine," spealdug of the general cbarac* 
terifltics of the wadys or vaUeys, says : " There is nearly 
everywhere a thin, it might almost be said a transparent 
coating of vegetation," 

Allied to 'the class of optical illusions mentioned in Bir 
David's third Letter, the following, communicated to the 
editor by the gentleman by whom it was experienced, Ib 
sufficiently distinctive to deserve notice. One day, not 
many years since, Mr. W. G. 9., the gentleman in question, 
was after an interval of years walking along a picturesque 
country road in the neighbourhood of Edinburgh, when 
reaching a certain point he was suddenly, and without any 
previous preparation for such a spectacle, surprised hj the 
appearance of a magnificent cavalcade of knights and 
dnroes on horseback arrayed in the costume of the Middle 
Ages, accompanied with a suitable following of squires 
and other attendants, with hounds and hawks : many 
of the ladies with falcons on their wrists, as if the party 
were bent on hunting. The cavalcade consisted of a 
numerous company, and defiled with gay but graceful 
dignity, passed him and disappeared in a woodland path. 
The gentlenuin stood riveted in surprise for some moments 
after the spectacle had disappeai'ed ; for, convinced it was 
only an illusiou, he was astonished at its vivid magnificence 
and completo details. At length, overcoming Ins wonder, 
he proceeded on bis walk, still ruminating on the pageant 
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he hod Been, and strivmg to csplain it to bimEelf, n'heu be ■ 

at lost recollected that in his boyhood, many years before, H 

when be had given himself up to the reading of romance- 
liteiature, at the period when it was moet in fashion, be 
had been in the habit of identifying hiiOBelf nith the snb- 
^^^ jects be had read ; and being of a peculiarly intense 

^^^L character, with a highlj-pictaresqae imagination, hod on 
^^^1 many occasions daring his solitary country rambles aban- 
^^^1 doncd himself to the enthusiasm of the time and imagined 
^^^H himself one of the characters in jnst such chiTslrous and 
^^^H romantic pageants ; and bo then felt fully satisfied that 
^^^P some peculiarity in the appearance of the road at tbe 
^^^ point where he had just beheld the spectacle mentioned 
bad recalled the whole association of ideas connected with 
a past visit to the spot, and revived in this vivid form a 
day-dream of his youth. 

The mere vividness, however, of such an incident was 
its only peculiarity. The association of ideas is so strong 
and BO well known, that we can scarce bear certain subjects 
mentioned, or look upon certain articles, without having at 
once a long train of the past suggested to the mind's eye, 
and the intensity with which the subject presents itself 
often passes unnoticed on account of its being expected 
and a matter of course. Thus the presence of an artitde 
of furniture such as an old chair will set the fancy into a 
trance of contemplation as to some departed and venerable 
occupant, and the whole thought in connection with it will 
be pictured by the mind, for it is a mistake to say we 
think in language only ; we think in pictures also, juat as 
much OS we dream in piotures, and the only reason why 
such pictures do not sti'ike us with surprise in that tliey 
are, if not pictures resulting from direct volition, at all 
events pictures tacitly acquiesced in, and therefore such as 
we are mentally prepared for. It is in fact only when we 
think without the will or consent that the imagery of the 
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mind, unfamiliar ander that aspect, is more tlian nsnallj 
vivid feom the effect of Burpriee. Indeed, reality is in 
mnch the same coadition with ns. Wo meet friends day 
by day who have heen the associates of our lives, and we 
Kcarce realize the fact that they have been, with U8. A 
familiar face may appear, a familiar etep enter the study 
while we are busily engaged, and pass out again without 
onr recognition, and scarcely with our consciousness that 
they have been with ns. But should, any friend long 
absent appear suddenly and unexpectedly in the same way, 
surprise and the inteneity of Bjjccial recognition will he 
evoked at once, and a vividness of tho whole incident 
impressed upon the mind which will produce the strongest 
impressiou at the moment, and leave (elements for per- 
manent reflection afterwards when things eommon have 
heen long forgotten. The vividness of dreams is very 
much, if not wholly, attributable to the same cause. The 
will in our mental life to a certain extent directs and 
controls the cui'rcnt of ideas under ordinary circumstances, 
and with regard to real incidents, we are in contact with a 
series of causes, all the associations and i-esnlts of which 
are regarded an matter of course, calculated on and looked 
for. They are therefore looked forward to before they 
take place, or so for foreknown as to have their interest 
and novelty exhausted before they occur ; hut dreams ai'o 
things out of the list of anticipation, for thoy never are, 
ivhen vivid or impressive, what we expected them to be ; 
hence the impression of their novelty is not and cannot be 
forestalled, and they strike us with as much vividness as 
any surprising or unespectod incident in the ovontiuilities 
of life. 

Among iirtiticial illuBious many ingenious novelties have 
appeared of late years. The ingenious suggestions of Sir 
l)avid Brewster, before mentioned, for tho improvement of 
the magic lantern have been all more or less eioeeded by 
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the great progress of recent disoovery. Photography has 
giren accuracy of detail and life-like inteneity to the 
Bubjecta displayed by the lanteru, while improvements in 
the meohanism, together with lime boll, magnesium, and 
other powerful meone of Uluminatiou, Lnre been success- 
fully applied to produce almost a daylight clearness on 
the screen compared with the dnrknoss in which the 
audience site in viewing Euch objects. How far Sir David 
had anticipated some of the most advanced improvements 
by his suggestions however will appear from the following 
passage in a recent publication compared with his letter 
OQ this subject : — 

" An ingenious experimentalist, desirous of showing 
various chemical phenomena by means of the magic 
lantern, makes a glass tank, into which different liquids 
or solutiuns may be pnnred, which will illnstrate the effect 
of refraction on light and other phenomena. If a pipette 
be skilfully used to introduce some of the solutions into 
the water in the tank, the appearance thrown on the 
screen is that of a euhmarino volcano, pouring forth 
clouds of amnke and torrents of lava, which, however, are 
soon absorbed in the sniTounding ocean. A solution o£ 
cochineal in alcohol, similarly introduced, produces the 
effect of a magnificent crimson fountain : a solution of 
litmus appears as a delicate blue sky ; a few dro2>s of aold 
being let fall into this give a vai'iety of foniis and com- 
binations, as of clouds seen in a ennset sky. Black, 
stormy clouds may be produced by dropping into the 
wal«r a small quantity of sulphate of copper iu solution 
and weak ammonia ; and with dilute sulphuric acid and 
ferrocyanide of potassium, other cloud-effects can be repre- 
sented which have a moet impressive appcai'ance on the 
screen. It is possible also to show the changes in colour 
produced by chemical reaction, the decomposition of water 
by a galvanic current, and the convection of heat bj 
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liquids ; and to exhibit all tbeeo operntions to a large 
number of persons at once, opens a new application of the 
magic lantern which clever operators will no doubt turn 
to acconnt ; any one familiar with the manipnlation of 
appamtiiB will know how to contriTO the tanks for the 
different purposes." 

The eminently-ingenious Professor Pepper also, in 
cotjguuction with the other talented gentlemen forming 
the staff of tho Eoyal Polytechnic Institution of London, 
has distinguished himself by great success not only 
in showing all the illusions practised by charlatans who 
claim a higher authority than mere skill and deiterity for 
their stances, bat in the forestalling by their inventive 
genius discoveries which otherwise might have been used 
in course of time to deceive and operate upon the snper- 
fititiona by vile and unprincipled prctandei-s to the super- 
natural. 

Among other novoltiea. Professor Pepper's ghost, the 
speaking head, floating cherubs, automatic Leotard, &c., 
deserve special mention and the highest praise. Tho 
ghost is got up in a very simple yet remarkably effective 
way, and suggests tho idea that the ProfeBSoj must have 
caught sight of his own image in a plate-glftss window 
more than once before he enge^ed in spirit-making. This 
illusion is easily accomplished by placing a large sheet of 
phite glass E F on the stage before a dark-green cloth under- 
a subdued light, and throwing tho reflection of a person 
acting the ghost upon it by having him placed in front in 
snob a position as to cause his imago to appear at the 
point desired. For this purpose tho person acting the 
ghost must be placed with a screen of dark-green cloth 
behind him, as ehowu in tho following diagram. In this 
way the reflection of the dark-green cloth A B behind the 
figure will not appear, but will blond with the colour of 
the dark-green doth C D behind the sheet of plate glaae, 
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while the figure will appear reflected alone. The light 
being kept more subdued upon the stage than npon the 
figure to be reflected, the presence of any real actor upon 
the fitago will appoar lees ^tvid under the subdued light 
than that of the ghost. If the plate glass be so ftrtaoged 
that the actor on the etago in approaching or passing the 
shadow can go behind or in &ont of the plate glass at 
pleasure, tho illusion of passing through the shadow or 
appearing to strike, stab, or grasp it in vain, will bo very 
perfectly shown. The distance between the figure and ita 
reflection at E F is necessatily ciroumBcribed by the limits 
of our space. The augularity of the gloss to the audience, 
BO as to throw the image of tho ghost only toward them, 
and all other reflection on it in other directions, is oasily 
arranged. 



1 




The speaking head, floating cherubs, &c., ore accom- 
plisbcd by similar arrangements of plato glass and dark 
background. But in these cases the figures seen may, or 
may not he in shadow or reflection, at the option of the con- 
ductor. When not reflections, tho arrangement may be 
accompliBhed by having the plate glass divided into 
pieces. Thus a half sheet from the bottom of the stage, 
with a screen of green cloth in front of the performer, will 
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conceal the whole body but tho head, which may appear to 
be reating on n polo or narrow pedestal in front of the 
glasB. In this way Blue Beard places the carefully' 
embalmed liead of a dcceaged wife, the victim of hiH 
cruelty, ujion the pedestal to look at. Thia head, if au 
excellent wax likeness of some lady performer of the eeta- 
bliehment, is easily put out of the way when being placed 
on the pedestal and represented by tho lady performer 
herself, who appears fi-om behind, showing only so much 
of her head as replaces and represents the wax likeness. 
Blue Beard then retires to smoke and contemplate, 
when to his astonishment and horror the dead head 
addresses him, opens its eyes, &c. This illusion b very 
ingenious and perfect. Cherubs may be made tu float 
about by representing heads of children or yotmg 
performers in the same way, their bodies being concealed 
by a screen of green cloth in front of the floating stage on 
which they stand. The great advantage of tho dai-k- 
green cloth groundwork in blending, though in separate 
pieces, as if it were only one continuous background, is of 
great importance, together with such a subdued and 
appropriate arrangement of the light as prevents the plate 
glass from glancing and becoming apparent to the 
audience, and the ingenious invention is capable of far 
higher dramatic effects than it baa yet been applied to. 
Professor Pepper's ghosts, like those of Shakespoare, are 
almoat too refined and gnntlemanly for any but those 
delicate and metaphysical qualities of mind which ap- 
preciate the characteriatica of propriety and logical con- 
nection in everything. The white sheet horror is more 
suited to tho modem sensational drama. But there 
reaUy ia aome defect in tho representation of Shakes- 
peare's grand ghost scones, which modem science might 
surely apply itself to remedy. The ghost of Hamlet's 
father and others want a glistering, phosphorescent and 
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fiolf'liglited aspect to diBtin^uieli their Epectrnl character 
viyidly from the living actors with whom they mingle, 
and doubtless ShakeBpeace'e own ideal wqb something of 
this kind, though tho resoiirces of the time did not afford 
very eatisfactory means of lealieing it. The innocnoiu 
allotropio phosphoma now in use, with, perhaps some other 
chemical appliances, might afford means of overcoming 
this difficulty. 

The automatic Leotard is another of those admirably- 
Bchieyed Polytechnic illusionB which may be said to 
surpaes in some respects even the living prototype. This 
figure is admirably formed, and its posHible motions, with 
their swing, are well kept within the range of CB.sy 
physical action in the natural joints. To the close 
observer it becomes at once apparent, from tho want of 
bend in the elbow-joints and the complete circles per- 
formed by the shoulders of the figure, that the hands and 
inflexible anas are permanently fixed to the croes-bar of 
the trapeze, which is made to revolve in any direction by 
means of rods and wheels connected with its ends and 
set in motion from above, the rods being concealed by 
what appear to be the cords by which the whole is 
suspended, which also have a manifest inflexibility and 
an otherwise onnocessary thickness. These peculiarities, 
however, are far from detracting fiijm the merit of this 
admirable Polytechnic invention. Professor Pepper 
manfully disavowa tho power to work impoEsibilitiesi 
He only aims et accomplishing apparent impossibilities 
by the most skilful and graceful application of possible 
means, and assuredly these are of them. To what 
infamous purposes, by contrast, the ancient statecrafts and 
priestcrafts would have turned these meritorious and 
honourable ingenuities, had they known them, many a 
passage in the preceding Letters of Sir David Brcwstor 
will abundantly suggest. 
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Tho illusion as to the direction of eight and the 
eipreasion of faces, mentioiied in one of the preceding 
Letters, has been further and most auccesafnlly illustrated 
lately by the "Masks and Faces" of the talented and 
ingenious Hon Frikel, who by the mere airnngemeut 
of head-gear and appropriate acceseories ha-j shown 
how readily the same faco may bo made to resilise our 
typical ideas of the European and Asiatic, Hindoo, 
Chinese, Turk, or Tartar, &c., as well a& the maecnline or 
feminine exprest;ion and countenance. Indeed oar 
attention or inattention to facta, wliich perhaps do or do 
not strongly affect ns, ie apt to make us imagine there ore 
greater differences in some caeea and less differences in 
others than really eiist. The man who wonld never 
doubt, until confronted with one of Herr Fi'ikel's trans- 
formations, that he could at once tell, by the aspect of 
the countenance, the difforenco between a German and a 
Chinaman would be apt to deny the possibility of a 
shepherd being able to distinguish every iudividtiol sheep 
of a numerous flock which has been for a short time under 
his care. Yet any one who takes the trouble to look 
carefully at a flock of sheep driven through the streets 
will be able to see that, even in the shape of the nose, 
sheep are as much distinguished from each other iut 
dividually by all the varieties of Roman, Greek, and snub 
nose OS human beings are, and that all the other features 
are equally marked by individual identity. Indeed, the 
aphorism "as like as two peas" is by no means so very 
close or proximate a resemblance as the expression appears 
to assume. Wo doubt if there ever were two («aa 
exactly alike since the creation of the world, any more 
than two kinds or specimens of handwriting. Nay, much 
as identity in this latter respect ia distinctively recog- 
nisable, we doubt if any man over wrote Ins own 
signature exactly alike twice in the whole course of hig 
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life ; and yet a mna with perfeot integrity and justiBability 
Bweois to bis own handwriting, and othera acquainted 
with it do so aUo, in the perfect and couscientiooa 
certainty of the fat't. 

One of the eubjccta which it appears jiiBtifiable to 
introduce here, along with the associated Bubjoct of the 
mirage which has been eo intereetingly treated by Sir 
David BrowBter, ie the aurora borealis, which is displayed 
with remarkable brilliance within the Arctic circle dnring 
the prolonged winter darkness of that region, which is 
much indebted to this splendid phenomenon for the i^ef 
of its prolonged and inhospitable gloom. Those who 
observe this phenomenon attentively will find that its 
point of convergence, or the centre towards which its 
'■streamera" point, is generally identical with, or very 
nearly approximate to, that point of the heavens which is 
opposite to the sun during the manifeBtation of tbo 
Bpectacle, It is a point, in fact, only seen in the northern 
and southern regions beyond the rango of the ecliptic 
while the sun is within that plane, and on the opposite 
side of the earth, and everything conspires to show that 
while the atmosphere of the world acts like a sphere of 
glass enclosing the earth, by which the rays of the soa 
are reirocted as if they were intercepted by a globular or 
double convex lens, these rays so refracted are coaverged 
on the opposite side of this atmospheria lens, from the 
edges of the terrestrial disc exposed to the sun, aecotding 
to the greater or less purity of the atmosphere under that 
region forming the edge of the disc, and that the coloured 
rays seen to prevail sometimes are more prolongstionB of 
the gorgeous tints of sunset or of dawn then prevailing at 
those points of the world's surfaoo from which the re- 
fraction takes place. The rapidity with which the aurora 
darts its rays, and changes, is readily accounted for from 
the presence of intercepting clouds, projecting ioo, 
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motmtam ranges, and other iseqitalities along the oir- 
cninference of the earth's disc exposed to the Bolar action, 
combined with the rapidity of the earth's motion (diunial 
and orbitual) with reference to the Bun; while the 
weather which ench an appearance is held to presage is 
also acconnted for hy the atmoBpheric conditionB necessary 
to enuLle the phenomenon to take place. 

Ono of the remarkable discoveries of recent scientific 
inquiry is that of Mr. Barrett, late Assistant at tho Eoyal 
Institution, with regard to what are called " sensitive 
flames." A metal pipe with an orifice of steatite, wh«n 
emitting such an amount of gas as to aS'ord that quantity 
of flame which a burner gives forth just before the flamo 
" roars," as we are accustomed to hear it called, &om the 
excessive pressure of the gas, furnishes a light which is 
exceedingly sensitive to certain sonnds. A grave sound 
such as a low whistle will canse it to shoot out numerous 
tongues of flame, which subside when the sound is discon- 
tinued. By different arrangements of the burner this 
may bo varied. An aperture supplying a column of flame 
of about two feet in length will cower and quiver under 
the influence of certain sibilant sounds. Words contain- 
ing the letters, », ar, and «, especially the former, power- 
fully affect it cvon when pronounced at a considerable 
distance from it. And a variety of manifestations may be 
occasioned by certain notes of the pianoforte. Under one 
set of conditions tho effect being produced by high, and 
under another by low notes. This peculiarity is mani- 
festly the effect of vibration on highly-elastic elements, 
which may either bo the gas forming tho supporter of 
combustion, or the metallic orifice from which the flame 
proceeds. Indeed, every element known is more or lees 
elastic, and it is quite possible to conceive that certain 
sounds, by the [leculiarity of their vibration, could shiver 
solid bodies to pieces, and that the character of the sound. 
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more than the power of the atmoBphei 
involved, might produce the most serious oouaequencBB. 
Who is not fairiiliar with that most disngreeable of sounds, 
the sharpening of a saw with a filo, to recall the very 
TBOollection of which is to conjuie up a sensatioii of 
horwr? It is not in such a case because our dislike is 
ai'bitrary and capricious that we hate the senaation pro 
dnced, bat because it is really disagreeable, and to soma 
delicate constitutions has a positively injurious physical 
effect, that repugnance to it prevails, and the nerves 
ahrinlc and quiver painfully beneath i(s action. 

A very amusing novelty has recently been successfully 
exhibited at one of the London amphitheatres, which may 
be called " Shadow Pantomime." The body of the house 
or room being darkened, a white screen is interposed 
between the audience and the performers, with a light 
behind it, by means of which the shadows of the pep- 
formers only are given projected on the screen. When 
a performer approaches near to the light at the bock of 
the stage his shadow is greatly magnified and appeal's of 
gigantic proportions, while the othor performers approach- 
ing nearer to the screen appeor upon it by their shadows 
of nearly their natural size. The effect is highly striking 
and effective, aa well as amusing, as the hand of an 
individual near the light will appear larger by its shadow 
on the screes than the whole body of an actor more 
remote from the light, and nearer to the screen. Jack 
the Giant Killer, and the adventures of Gulliver, admit of 
a highly effective aud comic reprosenfation by means of 
this very ingenious adaptation of shadow, and the arrange- 
ments are so simple and easily made that the amusements 
of the nursery may he readily and greatly enhanced and 
illustrated by it at absolutely no expense, and scarcely 
any trouble. 
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IA}» and nujwndnJ aninaiiim, or oiphyxla — Interment alia — Pliaio- 
tMfita of fhe grave — Coma, or nciTaOTdinarO]/ long ^eept—Bean 
— Toada/ound in nn-kt—Tadpolei : teparatcd vitality — Polyfet 
— Anvdide», or aiinue — Proetm of reitoring lerered parti — £iu«- 
tKRded and restored aiiiiualion--JtotifeTa — Bepradiuiiie pmrtn 
nf aaitm^t and;planl» — DivitibUH]/ of matter-— Farliieyond tht 
range of phytici — ExtraordivaTy divitihilily of life — Newfaet in 
phiioeophy — The phitoioplien of fixity — Superiority of a child a 
loffie — Afact uf tdniice for Unilariani— CojKluiioii, 

The estraoi-diBary oircnmstiuices under which life may 
sometimes contiane to uriet has given rise to many 
remsrkablc, and, tn some inetanueB, painfol impreBfiioni 
among maiJdud. The doramnt condition of bears and 
other auitaals during their winter's sleep of many months' 
duration, and many well-authenticated, instancce of un- 
nauftlly long periods of sleep by human beings, who 
during this conditioa have maintoJEed their vitality with- 
out food and at a vciy low and all but suspended rate of 
vital action, have doubtless given rise to those popuhirly- 
recited coses of asphyxia, or suspended animation, under 
which people have been said to be buried alive, and which 
many living individuals have a horror may he their fate 
if left to the charge (if the careless and incautious at the 
time of death. HUauy have felt this apprehension so 
oppressive that they have desired that their interment 
should not take place after npporcnt death under ordinary 
circumstances, unless in addition some violence were done 
to the physical organization, so as to prevent the pos- 
sibility of their coming to life again after the earth had 
boen closed in upon them; and many have wished to do 
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away with intoi'ment altogetter to avoid KUffei'itig llie 
horror of auffocation in tho tomb. This kind of death, it 
is idle to deny, has a character of hon'or for the hnman 
mind, the inetaphjBical UBBOciatione of which invest it 
with an ideal, bnt not on that acconnt tho loss a teal 
agony, eminoatly beyond every other conceivable form of 
terminating our mortality. That instancee well authen- 
ticated of people being buried alive iinder aieapprehension 
have occurred cannot be gainsnyed, and a circumstance 
was brought beforo public attention not many years ago 
which appeared to supitort the idea that this wbb much 
more common than w&a usually sntipected, for it was found 
on o[)ening many tombs for the purposes of subsequent 
interments in the enme place that the faces of the parties 
previously interred were generally found turned downward. 
This was concluded to bo evidence of the persons having 
awoke in the grave after their inteiment, and in their 
helpless and hopeless struggles for relief tumiog round 
upon their faces, and dying under these dark circum- 
stances in despair. Fortunately a more careful investiga- 
tion of the facts satisfactorily dispelled this truly horrible 
impression. It was found that, though the skull wae face 
downward, it was not until decay had so far progressed 
as to effect separation of the vertebrte of tho neck that it 
was 80, and that the rest of the skeleton still remained 
upon its back. This fact was utterly at varionco witli 
the idea of the person having become alive in the tomb 
and afterwards dying of suffocation, because tlio positiDn 
of the face downwards, ond the body on its back, was 
im]ws8ifale as a result of voluntary action — which any one 
may prove by attempting to turn the head round so as 
to see directly behind him while retaining tho breast 
in the opposite direction ; and a little further investiga- 
tion ahowed that tho sknll when separated by decay from 
the nock oould not balance itself on the hack of the hoaA, 
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but inTariably tni'aed round on the face wider the law of 
its own graTitatioa. But tbongh this satififuctorilf dis- 
pelled a most painful impression, it has aoither fully 
dissipated the populnr horror of being buried alive, nor 
disproved instances in which that has iictually token 
place : and a general belief prevails that there ai'e cases of 
miuBuallj long-suspended auimittion, or asphyxia, uudor 
which tlie same thing ia continually liable to bo repeated, 
That tho medical profession have not been oblo to 
authenticate any such cases of long-continued aflphyxia, or 
suspended animation, ia however a very important fact. 
To suspect that highly honourable profession of any 
collusive suppression on the subject seems impossible; 
but that the reader may fully nnderstand tho subject, and 
place the question beyond suspicion to his own intel- 
ligence, let him consider what the conditions of asphyxia, 
or sust>ended animation, are. Now a complete cessation 
of tho pulse, and a consetiueutly complete atoppago in tho 
oirculation of the blood, which cannot proceed without 
pulsation, arc primary features of asphyxia; and such 
conditions have not been found capable of continuing 
beyond a certain time without such a change taking place 
in the stagnated blood as utterly unltts it from resuming 
its circulation or retaining those elements of vitality 
which aio ncccseary to the resumption of human life. 
The time usually allowed for this fatal change taking 
place in the condition of tho blood is that ascribed to 
cases beyond which restoration irom drowning, hanging, 
syncope or fainting, and suffocation, have never been 
known to take place, and is held by such experience not 
to eseeed a few hours. On this subject on eminent 
authority, Mr. Smoe, says : " Where one dies suddenly 
without a clear etiuivulent causa which ia irrcmediMe, the 
heat of tho body should be maintained at least iicelre hoitrt 
,by hot bottles, and ortifioial respiratioa ehonld be at- 
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Unopted fefi fcT drovmog. Btmaahet that tl« deadi) 
(k tmly apptKDt, u»d jont care aaj he lejMtd 1 
JneEprMBble ddight of seei^ life gndnall j r 
tte pufy restored to Us faatDj.'' Tins e 
CMUiot be too oucfidl; adbered to, fiir time cut be bo 
dodibt that where pet^de lare been buried alive crigahia 
canleOTDeM hu bad miKb to do witb flw mttcr. Tbws 
ia ft condition to which bmnani^ ia in extnoriinaiy 
itubuices liable, wberc, withoot abscdate aephjTia or 
eomplate stoppRge of the rircnlatitai, the poiIsatioD suif 
be m low that, thoogb the penon is mljr in a rerj pn>- 
foand i«tatc of prolunged deep and low Titalitj, the 
eridcDce of circalatioii in the blood and cooseqiieBt 
pnlaation maf escape ordinaiy attentioo, »id the coldDess 
of the breath, from the temperature of the bodf being 
allowed by those in attendance to gft too low, maj not 
oven iiii»t a mirror held before the face. This, howeTer, 
which is only a Btato of coma, will not deceive the ccaa- 
petent pbysiciaa, wlio in all ench cases will be able at 
once to detect the difference between coma and asphyxia; 
and the danger of interment alive to the Eofferer will only 
occur where medical aid has not bceu called. Instances 
of cnnia being prodnced artificially are said to be hnown 
to tbe Hindoos, who will allow tbemEelvee to bo thrown 
into it, and even buried alirc, for short periods, in 
itballow graveB, where tbe poronsncss of the earth allows 
sufScieiit air to reaish tbcm for the low rate of respiratioB 
which takes place while they are in that state. More 
OBtonisliiDg instances occur among Bome of the othcf 
animals— that of bears in the northern diatricte of Enrop*, 
and elsewhere, which has been already referred to, being 
BnfHcicntly well known. And those remarkable cases of 
toads found in stonea iu the course of quarrying, and 
other eicayatione of the eailb's crust, where the animal 
Situt to all appearance have remained imprisoned fot 
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tiumeanda of years, are instancea of vitality flupportod 
under circnmstances so abuormal as to escito the utmost 
wonder at its tenacity. Sach ctiGGS ai'o maniibstly 
jint asphysia, and can hardly be said to be even coma. 
The toad, as is well known to nattu^alists, is a foul- 
blooded p-nimnl , aud does not purify its blood perfectly 
at the lungs during circulation. It seeius capable, tbere- 
fore, of Jiving under similar cii'cunistances to those under 
which thick-leaved plants osist in hennctically-closed 
conscrvatorieB without renewed air or water, and is able 
BufBciently to purify the air around it for the purposes 
of its own Tospimtion. It can, therefore, live in a less 
quantity of air, and with a less degree of absolute purity 
in the atmosphere by which it is aurrounded, than would 
be possible for a pure-blooded animal, or one which, as 
an essential of its health, required to purify its blood 
perfectly at the limgB. But it is well known that the 
toad possesses remarkable powers of vitality in the earlier 
stages of its existence, i.e., when in the tadpole state, in 
which, with gills like a fish, it may be seen in oiu' slow 
running streams and stagnant pools during the period of 
its development as a small black comet-shaped creature, 
consisting of a round nuclous or head, and a tail. lu this 
state, if separated from the liead, the tail will continue 
to live, and oven grow for many days ; while, in the mean- 
while, the head grows a new toil for itself, repairing the 
injury and restoring the completeness of the animal. 
But this power of vitality in animals, as well as in plantK, 
is in many instances more rcmorkabie than the above. 
In plants, as is well knois'n, propagation by slips aud od' 
shoots is easily effected, and inversion of tho whole 
direction of vitality may bo accomplished, for trees and 
shrubs capable of being propagated by cuttings aecm 
generally to possess this remarkable peculiarity — that 
either end of the .c.ntting may bo inserted into the ground 
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or into the stock in grafting, and the cutting will nvetm 
the action of its fluids, and throw oat its branches with a 
downward, instead of an upward tendency, snch as we seo 
in that plant now so much cultivated, the weeping, or 
ilrooping ash, which is a tree grafted on this principle. 
Among animals the polypes seem to possess still more 
wonderful powers of vitality. They are tubo-liko forms, 
oud if turned inside out the outer coating will become & 
Btomoch, and the stomach an out^ skin. They con be 
cut into pieces, and each piece will continue to live and 
become a perfect polype. If punctured, the punctured 
part will shoot forth a young polype, which may be cut 
off and separated &om the parent, and cut into pieces, and 
each i>iece become an independent and perfect polype. The 
annelides, at earth-worms {Ljtwhriiiidce), seem possessed of 
similar vital energies. These worms, like the leeches, are 
hermaphrodites {Momicoui), the one end being male and 
the other female. If cut in two both ends will become 
aeparate individuals, and will grow into perfect worms by 
reproducing the ends of which they are deprived. Nothing 
is more common in turning up soil than to see worms 
with a thick and a thin oud. These are worms which 
have been severed by the spado or other cause, the tfait^ 
end being one of the halves of the original worm, and the 
thin end being a reproduction of the severed part. In 
such cases it might be said that the hermaphrodite is two 
animals joined together, but capable of aeparato existtmoe, 
and possessed of distinct and separable vitalities; and so 
of plants capable of being propagated by cuttings, 
and of polypes — that they are a combination of many 
distinct and separable vitalities, and capable, when 
severed from each other, of self-restoring powers : the 
plant restoring itself by reproducing the aevored root, 
and the animal by reproducing the severed member. In 
both plant and animal the hermaphrodite peonliarity in 
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such cofiQB prevails. Tlie animal and the plant are eqnnlly 
capable of reproduoing in the ordinftry way, at< well as 
by cuttings, and the long period daiing which vitality may 
be entirely dormant in plant life, as well as in some 
animals, bears a very close analogy. In plants we have 
the example of the mummy wheat, representing thousands 
of years of dormant life ; but it is also found, not only 
that seeds may bo kept for many years without injury 
to their vegetating power, but that even the pollen or 
yellow dust from the anthers of flowers may be kept for 
years, anil afterwards nsed in hybridizing and in pro- 
ducing soGd. Wliile in animal life, that of the toad, which 
wo have already referred to, might bo supplemented by 
many instances of the prolonged dormancy of eggs or 
ova, and also by the remarkable experiments by Spallan- 
zani, Davaine, Gavarrct, and others with the Tardigrados 
and Eotifera, or Wheel Animalcule, which it has been 
found can be dried and moistened, or killed and revived 
as it was at one time considered, and the experiment 
repeated with them many times after intervals of years. 
At one time it was supposed these animaloulfe could bear 
to be perfectly desiccated, but more careful observation 
bos shown that, unless a small essential quantity of 
moisture remains in them, replacing thcnt in water will 
fail to restore their vitality. Of course their vitality • 
is never aotmilly gone, it is merely in a state of snspen- 
sion or dormancy. 

But these remarks are introdncod less because they arc 
eonelusions, than because they form the threshold, and 
merely the threshold, of an eiceedingly great and interest- 
ing and, at tho same time, utterly incomprehensible sub^ 
ject — the gi'eat life chain of reality. Take up any link 
ol' this wonderliil subject and examine it carefully, and we 
will find that, instead of being within the range of intelli- 
a and natural laws, we aro altogether thrown out of 
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our logic into a r^on for which nature has no law, bnt 
which is not the loss a vivid reality, moftt deeply and per- 
manontly concerning ourselves. Wo have many wonder- 
fal statements in scientific works on the gnbject of matter 
and its divisibility. It is stated, for example, that there 
are more animals in the milt of a single codfish than 
there are men on the wholo earth, and that a singlo grain 
of sand is larger than four millions of these animals. 
Bnt let 11B take a moderate estimate of this fact, far 
within the limits of truth, and therefore free from all 
hyperbole, for the purpose of reaching a deeper and more 
interesting region of reality beyond it. Let us, for 
example, content ourselves with assuming that there are 
only ten millions of those animals in a single codfish, it 
follows that this single codfish was but one of ten 
millions in the milt of its progenitor, and that progenitor 
bnt one of ten millions in the milt of its parent, and so 
on backward until you reach the three-hundredth ancestor 
in a direct line of reproduction ; and here you find the 
fact utterly surpassing all oiu- poGsible investigation into 
its physical reality, but not the less a fact on that acconnt, 
that this threc-hnndrcdtfa ancestor must at that stage of his 
existence when he was in the milt of his parent, and only, 
gay, a uullionth part the size of a grain of sand — for we 
are speaking of the progeny in the milt, not in the roe — 
this animal in this minuto condition, wo eay, must have 
had within him in turn a progeny whose numbers in the 
three-hundredth generation after him would be so nume- 
rous that, were we to begin at the top of this page with 
the number ten millions, we should liave to add as many 
ciphers as there is space for types in the whole page to 
note themdown. Taking the page, then,atthirty-GixliDes 
of three inches long, we should have for this number a line 
of figures, of the size of the present type, three yards long. 
Carrying this curious calculation back to the time of Ciesar 
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AugnBtus, the product wotild fill eix pages of this work; 
and if extended in a single line of fignren as large na our 
typo would form & sum eighteen yurda long : carried back 
to the founding of the Chinese Empire, according to some 
historians, it would fill thirteen of our pages, and give a 
single line of figures thirty-nine yards long, as any of 
OUT readers may satisfy himself by multiplying the first 
tea millions by ten millions for the succeeding year, and 
so on, and observing that each year adds seven ciphers to 
the product. He has therefore merely to take the number 
of years and odd seven ciphers for each. And yet diia 
extraordinary result is probably as for within the mark an 
it may at first sight appear hyperbolical and cxcesBive, 
for we have not merely assumed, within our limits, that 
the cod milt contains only ten millions, instead of more 
nearly eight or ten hundred millions, but that each fish 
reproduces its species only once a year, and once ia a life- 
time. At the same time it is not essential to our calcula- 
tion, or its object, that these animals do not all reach full 
development and maturity ; it is enough for what we are 
about to observe on tho subject that they eiist even for 
only an instant at any stage of their vitality. Now we do 
not state this for the purpose of illustrating the infinitesi- 
mal divisibility of matter, nor the extent of its practicable 
divisibility in the hands of its great Maker and Master ; 
for while we freely and reverently acknowledge Giod's per- 
fectly illimitable omnipotence in this as in all directions, 
we do aot believe that He hae chosen to subdivide matter to 
this degree, and wo venture to think that various chemical 
facta are inconsistent with such a hypothesis. We think, 
on the contraiy, that wo ore on the verge of a new dis- 
covery, and a discovery with which vre cannot hope to 
laurel ourselves, for it will only, wo fear, reveal to us how 
little we know — how little of palpable and unchallengeable 
fiuit and reality we ever here can hope to know. In Siting 
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Joyce's Scientific Dialogues for Mr. Tegg, the present 
writer ventuied, at p. 334 of that work, to say that, while 
it WBB impossible to eonceivo of any body or particle of 
matter so small be not to have two sur&ces, the one of 
which must be capable of physical separation from the 
other, had wo means eufSciently fine to ocoompliah the 
separation, " yet there ia reason to believe that the Gub- 
division of matter stops short of this iafinitosiiaal redu- 
oibility of parts in a definite'ond ultimate mclccuhii: form, 
very minute indeed, but beyond which material elements 
never are divided, though it is of course impoBsible to 
oonceive that these molecules or atoms of matter are in- 
capable of being divided still further had we the means ; 
only if further divided they would oease to be molecules, 
aud would only be fragments of moloeulee. Chemistiy, 
from the proportions in which different elements cliemi- 
cally comhiue, has long pointed to, and noiv absolutely 
demands, this solutiou of the structure of matter." The 
view above stated wo find no good ground for qualifying 
hero, even in the presence of the estroordinory fact as to 
reproduction in the codfish which has Just been set forth, 
aud which is greatly exceeded in the reproductive history 
of many other animals aud in many plants. What we 
maintain is, that the subdivision we have set forth in this 
case of animated nature is far beyond the molecular, and 
very, very far beyond the possible organic subdivision of 
matter, taking nature as it ii<— that the hundredth pro- 
geny or descendant of a codfish has, consequently, no phy- 
sical or organic existence whatever in its hundredth 
ancestor or progenitor, and that its connection with its 
ancestor during the earlier stages of that ancestor's exist- 
ence and development is not and cannot be a phygieal one. 
We do not ut the same time deny that the connection 
exists, or existed at that stage ; on the contrary, we nfBrm 
that it did then exist, aud was in the parent as essoutiBlly 
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as tlio ptirent's own lifo and reproductive povrere ncro in it. 
But then it must have been in it only in the condition of 
-in that mjEterions yet real, but ntterly incompre- 

isible Btato of dormant vitality, of whichnature's laws — 
'hich hazy philosophies make the absolute and dominant 
rule of everything in these days — can give us not the very 
slightest knowledge, and material criteria not the vestige 
of available measurement. 

There is certainly little corroboration to be derived 
fiicts like the preceding in behalf of the ex nUtilo 

11 Jit philosophy. It is a remarkable circnmstance that 
kQ who have ventnred to state these absolute and ultimate 
propoaitions have had but a very limited knowledge of 
Bcientifio foet, even while cloiming to be escluBively 
scientific men. In the age in which these philosophies 
sprang up all the science known, even hod it been all eom- 
Jffehended in one mind, was, e^ compared with that of our 
jlwn age, limited and Impeifect. Among modern pHto- 
Mphera who have ventured to reproduce these propositions 

have never found one who had a wide and comprehen- 
^:^e knowledge of comparotive science — who was more 
tiian distinguished in some particular department within 
irhich his knowledge was respectable enough and worthy 
rf being received as authority, but beyond which it was 
kU but contemptible and feebler than that of a child, as 
*ell OB more erring because more confident — who ever 
aonld draw a wider analogy than that which his own 
Emited department of study afforded, or look upon tho 
Illimitable range of general philosophy save with a mono- 
ihromatio vision coloured exclusively by tho light per- 
Yiding hia own point of view. If all scientific knowledge 
Vhen those propositions were first dogmatised wos in- 
adequate as a basis for ultimate and absolute conclusions, 
fcow much less can the professor distinguished by merely 
me branch of study now be justified in rearing up hia 
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solitary tsstimonj in behalf of them when reproduced in 
an age like tbis, in. whioli we are only begiimiiig to feel 
follj the littleness of achievement, the feeblunesa of human 
capacity, and the ineihauBtiblo harvest of eternal diacoTery 
and espanaion before us ? " Through the kvidencb — con- 
Tiction, manifestation, demonstration, EX*yx''s — o^ thinqb 
KDi SEES " (for that is the apostolic and anthoritatiTe 
meaning of Christian faith, which those who do not know 
it call credulity), " we understand that tlio worldB were 
framed by the word of God, so that things that are Been 
were not made of things which do appoai'." How far such 
a fact reaches through and beyond the uttermost depths 
of present scientific achievement, even when we deal with 
the subject of Matter only I What, for example, do we 
really know or explain of any portion of matter by saying, 
in the ultimatum of scientific language. It is a primary 
element? " What is gold made of?" a child will ask of 
a philosopher, " Gold ! why gold is gold— it ia a primary 
element, my dear— it is nothing but gold :" so replies the 
scientific sage. "Yes, bnt what is it made of?" insists 
the pertinacious child ; for a child is a healthy inquirer, 
and has not learned to bo silenced with an imsatisfactory 
answer. " What can it bo made of but gold ?" says the 
stultified philosopher ; " cliemistiy can reduce it into 
nothing else — gold is gold." But the child is not 
answered. He is not yet acquainted with Mammon's 
fluctnating, but on the whole approximately satisfactory 
solution of its value ; he is not questioning hie broker, 
and is innocent of the ways of 'Change, so he pecks 
another fathom deep into the wisdom of the vexed philo- 
sopher, and spits him through his shallows with the brood 
and Btartlingly assertive proposition, " But gold mu»t be 
made o{ tomelhifig ;" and then, petulantly reiterative, addt_, 
" What is it made of?" The philosopher, remembering 
when he also had such a question suggested by hie onn 
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mind, feels thnt he is on the verge of a primeval headache, 
and. seeing the vivacioua child attracted by some new 
subject, waits till his attentioa is fairly tackled, and 
liuietly leaves the throne of jihiloaophy vacant. 

But the child is right after all, and Iiow clearly and 
confidently ho knows it ! Gold is made of something. It 
has a molecolar structure of eomo kind, apart from which 
and its chemical ratios it would cease to lie gold, 
chemically and monetarily. Its ultimate molecnle, whether 
-wo arc right in all wo have said of its Btracture iu 
Joyce's Scientific Dialogues, p. 324, or not, is divisible 
into something else conld we but reach it, and its mole- 
cular etructoTQ once divided its whole chemical ratios and 
combiDatioDs would bo destroyed. The philosopher may 
be satisfied with the fact that gold is gold, but the nnso 
phisticated child will reasoa straight up to his Maker, and 
he satisfied with no explanation short of that which 
satisfies all his awed and deep-felt consciousness that He 
who conld make himself could also make gold, whatever 
lesser ultimatum science may proclaim on the basis of 
primary and hypothetically irresoluble eleinatle. This 
is not quite intuition in a child, it is the honest energy of 
unvitiated dialectics penetrating to the legitimate ulti- 
matum of all causation : the only possible source of those 
things not seen which the apostle and our own experience 
alike demonstrate to us have their evidenco in the meta- 
physical existence and conscionsness of ns all. The child 
knows he has been but recently brought into existencp 
himself, and by a competent Power which he perceives bj 
analogy to be competent to bring anything else into ex- 
istence, In mathematical language, the first of these facts 
is an axiom, the second is its corollary ; and both, if not 
explanatory, are at least irresistibly convincing. But the 
proposition that gold is solf-existcnt is a hypothesis not 
based on any axiomatic premise. Gold, we know, has a 
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structure nhich we find coa be cbemically acted on. 
But structure impliee consti'uction, and therefore gold 
must Lavo been conetructoil. We also know that self- 
existence must reside, not in the thing constructed, but in 
the primary conatructor ; and thus we analytically prove 
the saperioritj of a child's logic over that of a philosopher. 
It may be aaked, why does man an ho grows up lose this 
originally high and clear reasoning power reaching to abso- 
lute coQclnetons? The answer is, that as inau grows np 
he acquires bias, and starts favourite theories and hypo- 
theses mlhin the limits of bis powers. It is the nnTitiated 
oandoiu' of a child that constitutes its superiority and its 
uoncIusiTcuess — reaching to the utmost penetrable limits. 

Hero in a department, then of distinctly demonstrable 
and experienced scientitic fact we hoye as it were the 
ovidence that from the Creator's vital enorgyall conscious 
existence has bceu produced, in that Ho has conferrod upon 
vitality s, reprodnctivo power which would he almost as 
wonderful as his own. were it, like his, exerted by an 
absolute, conscious, and fully enlightened volition. 

What a marvellous essenco then is this intrinsic element 
of us all called life! An clement whose association with 
physical nature is merely foctitious, not inherent — which 
rc<iuires no physical space for its accommodation, and 
does not disturb the quiescence, nor displace the juxts' 
position or volume of matter while traversing through or 
touching it. Matter may touch matter, and cause motion 
or action in it ; but while life may also touch matter, and 
by its presence endow it with vital powers, it is not, save 
when associated with feeling, as in animals — but not in 
plants —conscious of its contact with the matter in which 
it exists, any more than a stone is conscious of contact 
with a stone, where the contact is not tho less real that 
consciousness docs not perceive it. Life may indeed 
cause motion in matter, but not by direct but only \»y 
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secondary agency— it must use matter to act on matter. 
We may place tho hand on an object, and vainly by force 
of will cndeavoui, because our vital power is placed in 
eimple contact with it, to make that object move. We 
must use the physical power of the hand to compel the 
motion wo rct^uire ; so that the will, without the physioal 
agency, is practically nothing. But in euoli a 
reproduction of animal forme which has juet been referred 
to, how divisible must this vital principle Life be, which 
yet itself rcq^nires no physical space to contain it ! The 
divisibility of matter is a fact obvious and apparent, but 
this divisibility of life, ussociated as it is in man with an 
equally extensive and incomprehensible divisibility of 
mind ond feeling, is a metophysical phenomenon — in- 
herently all that importantly and essentially constitntee 
ourselves— before which the facts of natural magic within 
their physical limits dwarf into insignificance, and which 
makes us, oven in this life, denizens of a reality wholly 
beyond their range. 

The philosophers of fixity would tell us that two and 
two cannot make any other number than four ; 
is impoBBible tboy can make any other number even mth 
God, and that Omnipotence itself has here a limit. How 
would such theorists of the obstract-absolute explain that 
demonstration of Omnipotence in the concrete, by which 
life in the Polypes and Annelides is capable of being 
subdivided from one life into many distinct and inde- 
pendent lives? Even accepting the theory that a polype 
may be a combination of many lives in one, this eiplana- 
tion, if it could be substantiated in that case, would not 
apply to a worm to the same extent. ] 
that a worm as a hermaphrodite is a duplex animal, or 
two animals in one, that fact would not explain how by 
being cut in halves it became two such duplex animals 
instead of one, or four animals instead of two. 
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iinderelond the separation of tLc material part or bod; of 
the animal, for the matter of the out; ia not the matter 
of the other, but we coonot bo easily underatand the 
division of one life into two lives, or two lives into four, 
for that is changing an identity into mote than one. 
Perhaps the Unitarians, who have so lung denied the 
existence of the Trinity, ou the ground of its ubsolute 
impossibility, will aid us with their logical taper haro. 

Some of our readers will possibly think tbo argvmealum 
ad komiaeia might be applied to ug on this subject, on the 
ground of what ne have said ourselves in a preceding 
page as to the lixity of truth, but it must be borne in 
mind that we have never — with the inherent consciousneBS 
of our own purely contingent and dependent existence — ■ 
ventured to assert, or been able to find any ground for 
asserting, the essential fisity and imchangeableness of 
anything, as being positivo, eternal, or superior to Omnipo- 
tence, and we have nowhere found science able to de- 
monstrate anything of the kind. Manifestly nothing is 
absolutely fixed in this life but by the choice of Omnipo- 
tence, and only during the pleasure of that Groat Power ; 
and scientific men may ridicule miracles, and talk of 
impossibility as they will, wLile thoy cannot demonstrate 
to themselves, or to any one else, the primary law of their 
own existence, or the permanency of it, or that what it — 
what they are most sure about, viz., their own lives — wwy 
not cefuse to he. If this, then, be all the certainty of 
what men arc most sure of, what becomes of other realities 
on the argument of analogy ? Chango is everywhere, and 
something more than change — in the mysterious region of 
vitality creation and cstinction, inci'enee and diminntioii, 
numerical as well as qUBntilative, are everywhere. 
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!■ AolaUognphv •>' > ThlaFi J>ek 01 



b«c^ priiu^in Elmli Uyls. Fop, tn, laU-iiahaSit, ,°'. 6 
ba HauUl. laFuuiVol^.paaBvo, wiiliuIiiuadiuiimLbyaii 
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Tk* iJkM-Sa^iL'IkMMkSS. Win iBttnauclLaa by E . A. VI 
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